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A B S T R A C T

Achieving sustainable energy planning and development involves complex decision-making processes. The
energy planning decision-making (EPDM) field relies on a plethora of decision analysis methods that offered
many solutions to process a variety of energy management and strategic decision-making problems. However,
current EPDM solutions are unable to overcome the increasing complexity of strategic energy planning
situations involving a large number of stakeholders in uncertain, dynamic, and distributed environments. This
raises significant new challenges for researchers in both decision sciences and renewable and sustainable energy
planning. On the basis of a representative assortment of peer-reviewed related literature selected by querying
multiple electronic databases and indexed in Scopus andWeb of Science databases domain journals over the last
12 years, this paper exhaustively highlights and discusses limitations of existing strategic EPDM solutions. The
analysis is based on a classification specially developed by holistically harmonizing important domain concepts
to categorize the considered representative sample of the field of interest. Additionally, this paper integrates
results and conclusions from some recent and most cited literature reviews to (i) formulate essential evidence as
well as practical and conclusive literature's support– alongside with the formulated representative sample –to
this paper's subsequent insights and statements, and (ii) guarantee that no relevant articles have been excluded.
A total of 78 related works is gathered and analyzed to provide a general view and discussion on major
complexities found in classical/traditional strategic EPDM solutions and challenges for next-generation EPDM
solutions. Moreover, a comparative analysis of the two solutions and a set of “quality indexes” of a next-
generation EPDM solution were identified and some proposals were made to improve future applicative
research. As an original result coming from the “quality indexes” identified through the review process, an
intelligent expert-based framework for next-generation EPDM solutions is developed for enhanced renewable
and sustainable energy planning.

1. Introduction

Energy has been the central element of the wide-ranging concepts
of sustainability during the last 40 years [1,2]. In this respect, efficient,
clean, and renewable energy has been distinguished as the key solution
to enable a sustainable vision for future life. The last two decades have
witnessed a significant increase in the use of renewable energy sources
(RES) to ensure a more efficient and sustainable environment [3,4].

Despite their paramount advantages, RES also present notable
drawbacks, such as their reliance on climate to generate energy, hence
their exploitation requires complex design, planning, and effective
optimization methods [5]. In this sense, a common concern in the
energy sector pertains the consideration of pre-defined constraints
(e.g., changes in the organization of energy markets, prevalent un-
certainty within energy scenarios, conflicting views of several stake-
holders, etc.) when answering strategic questions or making opera-
tional decisions [6]. A variety of (multi-objective) optimization techni-
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ques [5–8], have been previously used to provide a desirable energy
resource allocation, and enable energy-safe capacity expansion plans
with minimized costs and maximized system's reliability.

Notwithstanding, energy optimization is only part of an overall
energy planning decision-making (EPDM) field that relies on a plethora
of decision analysis methods [9]. These methods allow policy planners
and decision makers to process a variety of renewable and sustainable
energy planning situations. On the one hand, such situations can be
formally defined as collections of complex energy management and
decision-making problems, characterized by [10,11,1,12]: (i) inherent
features and multiple participants; (ii) a set of possible alternatives
evaluated from multiple perspectives, criteria, and sub-criteria; (iii) the
need for attaining mutual compromise among decision makers’ pre-
ferences; (iv) analysis in realistic scenarios involving negotiation. On
the other hand, each EPDM process needs to consider evaluating social,
technical, economic, environmental, and political energy aspects across
time, space, and scenarios, while striking a balance between the
stakeholders’ priorities, nature preservation, and societal welfare
[13,14].

The presence of conflicting objectives in EPDM processes due to (a
large number of) involved stakeholders with different aims and
preferences [15,16] further complicate the decision-making process.
To overcome these complexities, hence improving strategic and opera-
tional energy planning, a great abundance of research has been devoted
since the 1960s to EPDM solutions through developing standalone
decision-making models or implementing different computerized tools
such as decision support systems (DSSs) and expert systems (ESs) [17–
32]. Firstly, single criterion decision-making models are deemed
insufficient to incorporate energy considerations from multiple per-
spectives, simultaneously [6,33]. As a result, multiple criteria analysis
(MCA) has gained an important place in a vast range of EPDM
situations such as the assessment of renewable energy technologies
and policies [6,10,11,34]. However, RES exploitation often requires
dealing with increasing complexity to manage projects, rapid energy
market changes, as well as unknown climate conditions. Additionally, it
is time-sensitive due to uncertainty inherent in short and long-term
planning decisions (for instance, whether and how a power plant will
operate during the next 25 years) [15]. Moreover, EPDM requires
handling uncertainty inherent to stakeholders’ judgments, which are

often subject to imprecision. The involved stakeholders often express
difficulties to provide precise assessments when evaluating alternatives
according to criteria. This is further complicated in multiple stake-
holders’ environments due to the different levels of knowledge,
resulting in biased decisions [4,15,35]. Fuzzy set theory was introduced
by Zadeh [36] in [36] as an effective instrument to facilitate decision-
making situations in vague and ambiguous contexts. DSSs that utilize
fuzzy decision models have been proposed to tackle various EPDM
situations [30,37–41], by effectively exploiting subjective judgments
under multiple perspectives. In particular, numerous studies combine
traditional multiple criteria decision-making (MCDM) methods and
fuzzy models resulting in fuzzy-based MCDM (FMCDM) approaches to
model both qualitative and quantitative factors and to overcome the
limitations that arose when used separately [13–15,34,35,42–47].

Nevertheless, existing EPDM solutions usually provide final
decisions or recommended actions without deeply examining the
relationship between those solutions and the existing decision
parameters (participants, alternatives, and criteria). Therefore, they
are not “intelligent” enough to: (i) identify and analyze the relation-
ships between initial inputs, participants profiles, and obtained
outputs, (ii) provide logical interpretations and rational assumptions
from the outputs, and (iii) extract additional knowledge from the
decision-making process. These solutions are, by contrast, comple-
tely data-driven (i.e. sufficiently sample data are required to estimate
the final decisions) [48]. Moreover, the sophistication and wide-
spread use of electronic and smart devices, such as mobile phones
and tablet computers, and the advent of Web technologies and
services, particularly when cloud-enabled, suggest that a next-
generation EPDM solution may not have to employ traditional
computational models and user interfaces [49]. Thus, the right tools
need to be offered to planners and decision makers (governments,
investors, regulators, consumers, interest groups, etc.) to (i) perform
detailed analysis, (ii) obtain balanced recommendations, and (iii) get
computerized support in dynamic, complex, and uncertain EPDM
environments [6].

Under the above scenario, the objective of this paper is to
investigate complexities and challenges of EPDM solutions.
Motivated by that, the main contribution of this study is threefold:

Table 1
Categories of EPDM and examples of decisions to be made.

Decision level Category Examples

DL.1. Strategic C1.1. Energy planning Regional [18,22,24,26,61,62], local [19,30,63,64–67], urban [68–70], rural [71–77]

C1.2. Energy policy Planning [37,78,79], evaluation [43,52,80,81], frameworks [82,83]

C1.3. Environmental impact

analysis

Environmental and ecological decision-making [84–86], life-cycle assessment [2,87]

C1.4. Energy evaluation and

assessment

Investments [88–91], sustainability assessment of energy systems [38,92-95], sources, technologies and options

[12,13,15,28,35,39,94,96–98], power expansion alternatives [99–101], plants [47,102], power generation scenarios

[103,104], production pathways [25,86,105]

C1.5. Site selection Projects and platforms [45,106–109], plants [4,14,110], power stations [111], power generation farms [46,112–117]

DL.2. Operational C2.1. Operational planning Distributed generation planning [69,118–123], energy efficiency [124–129], energy demand [130]

C2.2. Energy management Energy balancing and storage [131–135], demand side and smart management [27,32,136–141], energy-saving

[3,142–146], maintenance, monitoring, faults-detection, and diagnostics [147–153], smart buildings, grids, and cities

[154–159]
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A literature review that surveys the major limitations of existing
EPDM solutions. Given the magnitude of this research area, a
comprehensive and complete review of all EPDM solutions is not
possible. Instead, our efforts concentrate on describing representa-
tive scientific papers for various EPDM situations, excluding the
operational decision level (see Table 1). The analysis was based on a
classification specially developed to categorize the considered re-
presentative sample of the field of interest (strategic EPDM solu-
tions) selected by querying multiple electronic databases indexed in
Scopus and Web of Science databases domain peer-reviewed jour-
nals over the last 12 years.
Additionally, this paper integrates results and outcomes from some
recent [1,2,6,50–56] and most cited literature reviews [5,9–
11,39,57–60], to: (i) formulate essential evidence as well as practical
and conclusive literature's support– alongside with the formulated
representative sample –to this paper's subsequent insights and
statements; and (ii) guarantee that no relevant articles have been
excluded. Moreover, differences between previous literature reviews
in this area of research and our proposed work are explained.
Whilst doing so, related works are gathered and analyzed to provide
a general view and discussion on (i) major complexities found in
classical/traditional strategic EPDM solutions, and (ii) challenges for
next-generation EPDM solutions. Then, a comparative analysis of
the two approaches and a set of “quality indexes” of a next-
generation EPDM solution were identified and some proposals were
made to improve future applicative research. As an original result
coming from the “quality indexes” identified through the review
process, an intelligent and expert-based framework for next-genera-
tion EPDM solutions is developed for enhanced renewable and
sustainable energy planning.

This paper is organized as follows. In Section 2, we firstly
present an overview, features, and main findings of related reviews,
the research methodology used for conducting this review, and the
proposed classification. The detailed in-depth analysis of selected
papers, comparative analysis, along with proposed “quality in-
dexes” are presented in Section 3. In Section 4, we propose an
extended theoretical framework to overcome the limitations of
current strategic EPDM literature. Finally, Section 5 summarizes
the findings of this work and suggests some focal points for future
research.

2. Materials and methods

An EPDM process consists of solving well-defined decision-making
situations to fulfill the main objectives underlying energy planning at
regional or national level. These processes usually take place at
different decision levels (strategic or operational) and time frames
(from long-term planning to near real-time control) [6]. Hence, it is
convenient to firstly distinguish between these types of EPDM. Firstly,
strategic planning consists of evaluating short and long-term sustain-
able actions of exploiting RES and technologies, future investments’
appraisal and economic decisions, policies planning and global regula-
tions considerations. Conversely, operational planning considers near
real-time control and energy management operations. These opera-
tions require taking effective tactical and technical actions such as
proposing improvements in existing energy projects, systems, and
technologies (energy distribution, balance, storage, supply, and sav-
ing), maintenance, monitoring, faults-detection, or diagnostics. The

most frequent EPDM categories reported in the literature are summar-
ized in Table 1, along with examples of related literature within each
category. It is worth pointing out that the proposed classification of
EPDM problems is not the only possible one. Likewise, some of the
investigated examples might belong to one or more categories since
strategic and operational energy planning are both conflicting and
complementary.

Due to the vastness of literature on this topic, which cannot be
exhaustively reviewed, this paper concentrates on proposed solu-
tions to address EPDM problems that belong to the first decision
level's category (DL.1. Strategic). More precisely, the focus is herein
placed on major limitations and challenges of strategic EPDM
systems, models, and methods. Thus, this section presents the
materials and methods used to overview previous strategic EPDM
related work.

2.1. An overview of reviews on EPDM

The nature of problem-solving in EPDM has attracted extensive
research interest since the end of the 1990s. In one of the first
literature reviews focused on EPDM, Pohekar and Ramachandran
[10] investigated the use of several MCDM methods related to
renewable and sustainable energy planning. MCDM is an active
discipline of operations research that investigates and defines tools
for complex decision-making situations involving both quantitative
and qualitative factors. Based on [10], multi-attribute utility theory
(MAUT), analytic hierarchy process (AHP), analytic network process
(ANP), preference ranking organization method for enrichment
evaluations (PROMETHEE), elimination and choice expressing
reality (ELECTRE), and fuzzy models were the most commonly used
techniques for renewable and sustainable energy planning. In the
same direction, Polatidis et al. [57] developed a methodological
framework to provide insights regarding the suitability of MCDM
techniques in the context of renewable and sustainable energy
planning. They described major technical requirements for energy
planning, the main MCA methods, and a comparative evaluation of
existing techniques. Other reviews focused on investigating the use
of MCA methods for different energy planning problems
[9,11,58,59,160].

Another interesting review in this area of research is the one
conducted by Baños et al. [5]. They proposed to investigate existing
optimization methods to deal with RES drawbacks (e.g., the
discontinuity of generation, as most RES depend on the climate).
In their study, Baños et al. argue that continuous advances in
computer hardware and software are opening the avenues to deal
with optimization problems using computational resources in
renewable and sustainable energy planning. Their work reviews
state-of-the-art computational optimization methods applied to
renewable and sustainable energy development, highlighting the
latest advances in this field. Interesting research directions are
raised in their work, such as the use of heuristic approaches, pareto-
based multi-objective optimization (MOO), and parallel processing
as promising research areas in the field of renewable and sustain-
able energy planning.

FMCDM approaches have been extensively studied for decision-
making problems involving the choice of the optimal RES.
Numerous literature reviews focused on the combined use of
MCDM methods with fuzzy set-based models, hence Mardani et al.
[60] systematically investigated methodologies and applications of

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1546



T
a
b
le

2
A

su
m
m
ar
y
of

m
os
t
re
ce
n
t
E
P
D
M

li
te
ra
tu
re
.

#
R
e
fe
re

n
ce

(Y
e
a
r)

In
cl
u
d
e
d

a
rt
ic
le
s

P
e
ri
o
d
(s
)

R
e
v
ie
w

ch
a
ra

ct
e
ri
st
ic
s

A
u
th

o
rs

’
su

m
m

a
ry

o
f
re

su
lt
s

A
u
th

o
rs

’
co

n
cl
u
si
o
n
s

R
1
St
ra
n
tz
al
i
an

d

A
ra
vo

ss
is

[1
]

18
3

19
83

–
19

94

19
95

–
20

04

20
05

–
20

14

R
C
1.

A
re
vi
ew

of
st
at
e-
of
-t
h
e-
ar
t
d
ec
is
io
n

su
p
p
or
t

m
et
h
od

s
ap

p
li
ed

to
re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

p
la
n
n
in
g.

R
C
2.

T
h
e
re
vi
ew

p
ar
ti
cu

la
rl
y
in
ve
st
ig
at
es

tr
en

d
s
in

th
e

as
se
ss
m
en

t
of

R
E
S
in
ve
st
m
en

ts
.

R
C
3.

A
re
p
re
se
n
ta
ti
ve

sa
m
p
le

of
st
u
d
ie
s
p
u
bl
is
h
ed

in

th
e
ta
rg
et

re
se
ar
ch

fi
el
d
ar
e
su

rv
ey
ed

.

R
C
4.

T
h
e
se
le
ct
ed

p
ap

er
s
h
av

e
be

en
cl
as
si
fi
ed

in
te
rm

s

of
ye
ar

of
p
u
bl
ic
at
io
n
,
d
ec
is
io
n
-m

ak
in
g
te
ch

n
iq
u
e,

en
er
gy

ty
p
e,

cr
it
er
ia

u
ti
li
ze
d
,
ap

p
li
ca
ti
on

ar
ea
(s
)
an

d

ge
og

ra
p
h
ic
al

d
is
tr
ib
u
ti
on

.

A
R
1
.
T
h
e
n
u
m
be

r
of

p
u
bl
ic
at
io
n
s
re
la
te
d
to

as
se
ss
in
g

R
E
S
in
ve
st
m
en

ts
tr
ip
le
d
ov

er
th
e
la
st

d
ec
ad

e.

A
R
2
.M

os
t
of

th
e
m
et
h
od

s
u
se
d
ar
e
ba

se
d
on

tr
ad

it
io
n
al

ap
p
ro
ac
h
es
,
w
it
h
n
ot
ab

le
re
p
er
cu

ss
io
n
s
in

th
e
fi
el
d
of

M
C
A
.
R
el
at
ed

ap
p
li
ca
ti
on

ar
ea
s
in
cl
u
d
e
en

er
gy

p
ol
ic
y

an
al
ys
is
,
en

vi
ro
n
m
en

ta
l
im

p
ac
t
an

al
ys
is
,
te
ch

n
ol
og

y

ch
oi
ce

an
d
p
ro
je
ct

ap
p
ra
is
al
.

A
R
3
.
L
if
e

C
yc
le

A
ss
es
sm

en
t
(L
C
A
)
an

d
C
os
t
B
en

efi
t

A
n
al
ys
is

(C
B
A
)
ar
e
d
ec
is
iv
e
as
p
ec
ts

in
th
e
fi
el
d
s
of

en
er
gy

p
ol
ic
y
an

d
m
an

ag
em

en
t
an

d
en

vi
ro
n
m
en

ta
l

im
p
ac
t
an

al
ys
is
,
re
sp

ec
ti
ve
ly
.

A
R
4
.
T
w
o

d
om

in
an

t
tr
en

d
s

w
it
h

a
fa
ir
ly

in
cr
ea
si
n
g

re
le
va

n
ce

in
th
e
la
st

d
ec
ad

es
ar
e:

(i
)
th
e
co
m
bi
n
at
io
n

an
d
th
e
co
m
p
ar
is
on

of
th
e
re
su

lt
s
ob

ta
in
ed

by
ap

p
ly
in
g

d
iff
er
en

t
m
et
h
od

s,
an

d
(i
i)
th
e
re
se
ar
ch

eff
or
ts

to
d
efi

n
e

m
u
lt
ip
le

cr
it
er
ia

D
SS

s
to

ta
ck
le

th
e
p
ro
bl
em

s
id
en

ti
fi
ed

in
p
ri
or

ca
se

st
u
d
ie
s.

A
R
5
.

R
es
ea
rc
h
er
s

n
ot
ic
ea
bl
y

te
n
d

to
an

al
yz
e

th
e

p
ro
bl
em

s
w
it
h
fu
zz
y
se
t
th
eo

ry
an

d
li
n
gu

is
ti
c
va

ri
ab

le
s

af
te
r
th
e
m
id
-1
99

0s
to

h
an

d
le

am
bi
gu

it
y
an

d

u
n
ce
rt
ai
n
ty

in
p
ol
ic
y
m
ak

er
s’
as
se
ss
m
en

ts
.

A
C
1.

C
h
oo

si
n
g
am

on
g
al
l
th
e
ex
is
ti
n
g
m
et
h
od

s
ca
n
be

d
ee
m
ed

as
a
m
u
lt
ip
le

cr
it
er
ia

d
ec
is
io
n
-m

ak
in
g

p
ro
bl
em

.
E
ac
h
m
et
h
od

h
as

it
s
st
re
n
gt
h
s
an

d

w
ea
kn

es
se
s,

an
d
it
is

im
p
os
si
bl
e
to

cl
ai
m

th
at

an
y

sp
ec
ifi
c
m
et
h
od

ge
n
er
al
ly

ou
tp
er
fo
rm

s
th
e
ot
h
er

on
es
.

A
C
2.

T
h
e
ch

oi
ce

of
a
m
et
h
od

m
os
tl
y
d
ep

en
d
s
on

th
e

p
re
fe
re
n
ce
s
of

th
e
d
ec
is
io
n
m
ak

er
an

d
th
e
an

al
ys
t.

A
d
d
it
io
n
al
ly
,
th
e
su

it
ab

il
it
y,

va
li
d
it
y
an

d
u
se
r

fr
ie
n
d
li
n
es
s
of

th
e
m
et
h
od

s
sh

al
l
be

al
so

co
n
si
d
er
ed

.

A
C
3.

A
s
a
re
su

lt
of

th
e
sh

if
t
to
w
ar
d
s
R
E
S,

re
se
ar
ch

er
s

tr
y
to

u
ti
li
ze

an
d
en

h
an

ce
th
e
av

ai
la
bl
e
kn

ow
le
d
ge

in

d
ec
is
io
n
-m

ak
in
g.

A
C
4.

V
al
id
at
io
n

of
re
su

lt
s

w
it
h

m
u
lt
ip
le

m
et
h
od

s,

d
ev
el
op

m
en

t
of

in
te
ra
ct
iv
e
D
SS

s
an

d
ap

p
li
ca
ti
on

of

fu
zz
y
m
et
h
od

s
to

d
ea
l
w
it
h
u
n
ce
rt
ai
n
ty

in
d
at
a,

ar
e

w
id
el
y
ob

se
rv
ed

as
p
ec
ts

in
th
e
ex
is
ti
n
g
li
te
ra
tu
re
.

A
C
5.

F
u
zz
y
se
t
th
eo

ry
,
th
e
u
se

of
m
u
lt
ip
le

m
et
h
od

s
in

th
e
sa
m
e
ap

p
li
ca
ti
on

an
d
th
e
d
ev
el
op

m
en

t
of

n
ov

el

u
se
r-
fr
ie
n
d
ly

m
et
h
od

s,
ar
e
ar
gu

ab
ly

m
aj
or

fu
tu
re

tr
en

d
s
in

th
e
fi
el
d
of

en
er
gy

p
la
n
n
in
g.

R
2
B
or
u
n
d
a
et

al
.

[5
0]

62
U
n
d
efi

n
ed

R
C
1.

A
bi
bl
io
gr
ap

h
ic
al

su
rv
ey
,
co
ve
ri
n
g
st
at
e-
of
-t
h
e-

ar
t
ap

p
li
ca
ti
on

s
of

B
ay
es
ia
n
N
et
w
or
ks

(B
N
s)

in

re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

,
as

w
el
l
as

ot
h
er

re
la
te
d
ar
ea
s
(e
.g
.
en

er
gy

as
se
ss
m
en

t)
.

R
C
2.

A
ta
bu

la
r
re
p
or
t
su

m
m
ar
iz
in
g
th
e
cu

rr
en

t
st
at
e

of
th
e
re
se
ar
ch

u
n
d
er
ta
ke

n
p
er

re
le
va

n
t
ea
ch

en
er
gy

so
u
rc
e,

an
d
fo
rt
h
co
m
in
g
d
ir
ec
ti
on

s.

R
C
3.

R
el
at
ed

li
te
ra
tu
re

to
th
e
u
se

of
B
N
s
in

re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

is
ca
te
go

ri
ze
d
by

ar
ea
s,

ac
co
rd
in
g
to

th
re
e
d
im

en
si
on

s:
re
so
u
rc
e
ev
al
u
at
io
n
,

op
er
at
io
n
,
an

d
ap

p
li
ca
ti
on

s.

A
R
1
.
M
ai
n

ap
p
li
ca
ti
on

s
of

B
N
s
in
cl
u
d
e:

fo
re
ca
st
in
g,

fa
u
lt
d
ia
gn

os
is
,
m
ai
n
te
n
an

ce
,
op

er
at
io
n
,
p
la
n
n
in
g,

ri
sk

m
an

ag
em

en
t
an

d
m
ea
su

ri
n
g.

A
R
2
.
M
os
t

ap
p
li
ca
ti
on

s
ar
e

fo
cu

se
d

on
w
in
d

an
d

h
yd

ro
el
ec
tr
ic

en
er
gy

,
w
h
il
st

bi
om

as
s,

ge
ot
h
er
m
al
,

so
la
r
th
er
m
al

an
d
p
h
ot
ov

ol
ta
ic

en
er
gy

ar
e
th
e
le
as
t

in
ve
st
ig
at
ed

on
es
.

A
R
3.

D
yn

am
ic

B
ay
es
ia
n

N
et
w
or
ks

(D
B
N
s)
,

w
h
ic
h

n
at
u
ra
ll
y
ad

d
re
ss

th
e
ad

d
it
io
n
al

co
m
p
le
xi
ty

of

d
yn

am
ic

sy
st
em

s,
h
av

e
be

en
ap

p
li
ed

in
w
in
d
en

er
gy

,

en
er
gy

st
or
ag

e,
en

er
gy

m
ar
ke

t
an

d
en

er
gy

as
se
ss
m
en

t.

A
C
1.

B
N
s
ar
e
p
ro
m
is
in
g
an

d
h
ig
h
ly

ve
rs
at
il
e
to
ol
s
fo
r

re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

,
w
it
h
a
ra
n
ge

of

p
ot
en

ti
al

ap
p
li
ca
ti
on

s.
B
N
s
ca
n
be

u
se
fu
l
to

op
ti
m
iz
e

th
e
te
ch

n
ol
og

ie
s
in
vo

lv
ed

in
th
e
re
n
ew

ab
le

en
er
gy

m
ar
ke

t,
so

as
to

im
p
ro
ve

th
e
ov

er
al
l
re
so
u
rc
e
u
sa
ge

w
it
h
an

as
so
ci
at
ed

co
st

re
d
u
ct
io
n
.

A
C
2.

B
N
s
ca
n

ea
si
ly

en
co
d
e
h
u
m
an

kn
ow

le
d
ge

an
d

ex
p
er
ti
se
,
h
is
to
ri
ca
l
d
at
a
or

bo
th
,
h
el
p
in
g
u
se
rs

to

u
p
d
at
e
m
od

el
s
an

d
tu
rn

in
g
th
e
m
od

el
m
or
e
co
rr
ec
t

an
d
tr
u
st
w
or
th
y.

A
C
3.

B
N
s

su
p
p
or
t

in
fe
re
n
ce

in
an

y
d
ir
ec
ti
on

,

p
ro
vi
d
in
g
re
sp

on
se
s
to

an
y
ty
p
e
of

qu
er
y
p
re
d
ic
at
ed

on
a
so
u
rc
e
of

ev
id
en

ce
an

d
m
od

el
in
g
d
yn

am
ic

sy
st
em

s
in

a
st
ra
ig
h
tf
or
w
ar
d
m
an

n
er
.

A
C
4.

A
m
yr
ia
d
of

op
p
or
tu
n
it
ie
s
ar
e
ye
t
to

be
ex
p
lo
re
d

by
u
si
n
g
B
N
s
an

d
D
B
N
s
in

th
is

fi
el
d
,s
u
ch

as
:
re
so
u
rc
e

fo
re
ca
st
in
g,

ri
sk

as
se
ss
m
en

t/
m
an

ag
em

en
t,
d
ec
is
io
n

su
p
p
or
t,
d
es
ig
n
/s
iz
in
g/
op

ti
m
iz
at
io
n
,
p
la
n
n
in
g,

an
d

en
er
gy

so
u
rc
es

in
te
gr
at
io
n
.

(c
on

ti
n
u
ed

on
n
ex
t
p
a
g
e)

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1547



T
a
b
le

2
(c
on

ti
n
u
ed

)

#
R
e
fe
re

n
ce

(Y
e
a
r)

In
cl
u
d
e
d

a
rt
ic
le
s

P
e
ri
o
d
(s
)

R
e
v
ie
w

ch
a
ra

ct
e
ri
st
ic
s

A
u
th

o
rs

’
su

m
m

a
ry

o
f
re

su
lt
s

A
u
th

o
rs

’
co

n
cl
u
si
o
n
s

R
3
P
ér
ez
-O

rt
iz

et
al
.
[5
1]

55
U
n
d
efi

n
ed

R
C
1.

A
re
vi
ew

of
cl
as
si
fi
ca
ti
on

p
ro
bl
em

s
an

d

ap
p
li
ca
ti
on

s
of

re
la
te
d
ap

p
ro
ac
h
es

in
re
n
ew

ab
le

an
d

su
st
ai
n
ab

le
en

er
gy

d
om

ai
n
s.

R
C
2.

T
h
e

re
vi
ew

in
ve
st
ig
at
es

ex
is
ti
n
g

cl
as
si
fi
ca
ti
on

al
go

ri
th
m
s
an

d
h
ow

th
es
e
ap

p
ro
ac
h
es

h
av

e
be

en

ap
p
li
ed

to
d
ea
l
w
it
h
d
iv
er
se

ty
p
es

of
re
n
ew

ab
le

an
d

su
st
ai
n
ab

le
en

er
gy

.

R
C
3.

A
co
m
p
re
h
en

si
ve

d
is
cu

ss
io
n

on
d
iff
er
en

t

cl
as
si
fi
ca
ti
on

te
ch

n
iq
u
es

in
sp

ec
ifi
c
re
n
ew

ab
le

an
d

su
st
ai
n
ab

le
en

er
gy

p
ro
bl
em

s.

R
C
4.

A
ca
te
go

ri
za
ti
on

is
p
ro
vi
d
ed

ac
co
rd
in
g

to
th
e

ap
p
li
ca
ti
on

fi
el
d
,
th
e
p
ro
bl
em

ta
ck
le
d
an

d
th
e
sp

ec
ifi
c

m
et
h
od

ol
og

y
co
n
si
d
er
ed

.

A
R
1
.
C
la
ss
ifi
ca
ti
on

an
d
re
la
te
d
te
ch

n
iq
u
es

h
av

e
p
ro
ve
d

th
em

se
lv
es

ex
tr
em

el
y
im

p
or
ta
n
t
in

th
e
ar
ea

of
m
ac
h
in
e

le
ar
n
in
g
(M

L
),
w
it
h
ap

p
li
ca
ti
on

s
in

d
iff
er
en

t
fi
el
d
s,

in
cl
u
d
in
g
re
n
ew

ab
le

en
er
gy

p
ro
bl
em

s.

A
R
2
.
A

la
rg
e

am
ou

n
t
of

ap
p
li
ca
ti
on

s
an

d
p
ro
bl
em

s

in
vo

lv
in
g
d
iff
er
en

t
as
p
ec
ts

of
re
n
ew

ab
le

en
er
gy

sy
st
em

s,
ca
n
be

eff
ec
ti
ve
ly

ta
ck
le
d
vi
a
cl
as
si
fi
ca
ti
on

al
go

ri
th
m
s.

A
R
3
.
F
iv
e

m
aj
or

li
n
es

of
re
se
ar
ch

in
R
E
S

ca
n

be

in
tu
it
iv
el
y
re
ga

rd
ed

as
cl
as
si
fi
ca
ti
on

p
ro
bl
em

s:
w
in
d

sp
ee
d
/p

ow
er

p
re
d
ic
ti
on

,
fa
u
lt
d
ia
gn

os
is
,
p
ow

er

d
is
tu
rb
an

ce
an

al
ys
is
,
ap

p
li
an

ce
lo
ad

m
on

it
or
in
g,

an
d

re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

al
te
rn

at
iv
e
p
ro
bl
em

s.

A
R
4
.

Sp
ec
ia
l

at
te
n
ti
on

is
d
ev
ot
ed

to
cl
as
si
fi
ca
ti
on

m
et
h
od

s
ba

se
d
n
su

p
p
or
t
ve
ct
or

m
ac
h
in
es

(S
V
M
)
an

d

ar
ti
fi
ci
al

n
eu

ra
l
n
et
w
or
ks

(A
N
N
s)
,
gi
ve
n
th
ei
r
ab

il
it
y
to

h
an

d
le

n
on

-l
in
ea
r
an

d
n
oi
sy

d
at
a.

A
C
1.

T
h
e

u
se

of
M
L

(a
n
d

m
or
e

sp
ec
ifi
ca
ll
y,

cl
as
si
fi
ca
ti
on

te
ch

n
iq
u
es
)
h
as

be
en

cr
u
ci
al

fo
r
th
e

ar
ea

of
re
n
ew

ab
le

an
d
su

st
ai
n
ab

le
en

er
gy

sy
st
em

s
in

th
e
la
st

fe
w

ye
ar
s,

w
it
h
th
ei
r
im

p
ac
t
ex
p
ec
te
d
to

co
n
ti
n
u
e
in

u
p
co
m
in
g
ye
ar
s.

vA
C
2.

D
iff
er
en

t
R
E

ap
p
li
ca
ti
on

s
ca
n

be
m
od

el
ed

as

cl
as
si
fi
ca
ti
on

p
ro
bl
em

s
an

d
so
lv
ed

by
u
si
n
g
M
L

te
ch

n
iq
u
es
.

A
C
3 .

A
lt
h
ou

gh
d
ee
p

le
ar
n
in
g

re
se
ar
ch

is
st
il
l
at

an

ea
rl
y
st
ag

e,
th
e
au

th
or
s
be

li
ev
e
th
at

it
s
fu
tu
re

p
ro
li
fe
ra
ti
on

w
il
l
en

ab
le

th
e
d
efi

n
it
io
n
of

m
or
e

co
m
p
le
x
an

d
ac
cu

ra
te

m
od

el
s
w
it
h
st
ra
ig
h
tf
or
w
ar
d
R
E

ap
p
li
ca
ti
on

s.

A
C
4.

T
h
e

au
th
or
s

co
n
vi
n
ci
n
gl
y

ar
gu

e
th
at

m
an

y

ch
al
le
n
ge
s
ar
is
in
g
in

th
e
fu
tu
re

in
te
ll
ig
en

t
el
ec
tr
ic
al

n
et
w
or
k
w
il
l
be

al
so

d
ee
m
ed

as
cl
as
si
fi
ca
ti
on

p
ro
bl
em

s,
an

d
h
an

d
le
d
by

th
e
al
go

ri
th
m
s
re
vi
ew

ed
(o
r

im
p
ro
ve
d
ve
rs
io
n
s
of

th
em

).

R
4
H
or
sc
h
ig

an
d

T
h
rä
n
[5
2]

18
0

20
05

–
20

16
R
C
1.

A
sy
st
em

at
ic

ov
er
vi
ew

on
la
te
st

p
ol
ic
y
m
od

el
in
g

ap
p
ro
ac
h
es

an
d
th
ei
r
ca
p
ab

il
it
y
to

es
ti
m
at
e
a

su
cc
es
sf
u
l
im

p
le
m
en

ta
ti
on

of
R
E
S
p
ol
ic
ie
s.

R
C
2.

A
d
ec
is
io
n

su
p
p
or
t
fr
am

ew
or
k

to
ai
d

d
ec
is
io
n

m
ak

er
s
an

d
sc
ie
n
ti
st
s
se
le
ct
in
g
an

ap
p
ro
ac
h
fo
r
p
ol
ic
y

ev
al
u
at
io
n
m
od

el
in
g,

p
re
d
ic
at
ed

on
th
e
qu

es
ti
on

to
be

an
sw

er
ed

.

R
C
3.

A
ta
bu

la
r
ov

er
vi
ew

th
at

al
lo
w
s
th
e

re
ad

er
to

qu
ic
kl
y
d
er
iv
e
in
fo
rm

at
io
n
on

th
e
su

it
ab

il
it
y
of

th
e

se
ve
ra
l
m
od

el
in
g
ap

p
ro
ac
h
es
.

R
C
4.

A
cl
as
si
fi
ca
ti
on

of
ex
is
ti
n
g

w
or
ks

th
at

d
is
ti
n
gu

is
h
es

be
tw

ee
n
qu

an
ti
ta
ti
ve
,
qu

al
it
at
iv
e,

an
d

h
yb

ri
d
ap

p
ro
ac
h
es
.

A
R
1
.

T
h
er
e

ar
e

se
ve
n

“m
os
t

co
m
m
on

ly
ap

p
li
ed

”

m
od

el
in
g
ap

p
ro
ac
h
es

in
re
n
ew

ab
le

an
d
su

st
ai
n
ab

le

en
er
gy

p
ol
ic
y
ev
al
u
at
io
n
,
n
am

el
y
I/
O

(i
n
p
u
t/
ou

tp
u
t)

m
od

el
in
g,

co
m
p
u
ta
bl
e
ge
n
er
al

eq
u
il
ib
ri
u
m

m
od

el
in
g,

sy
st
em

d
yn

am
ic
s
m
od

el
in
g,

ag
en

t-
ba

se
d
m
od

el
in
g,

th
eo

ry
-b
as
ed

ev
al
u
at
io
n
,
M
C
A
,
an

d
h
yb

ri
d
ap

p
ro
ac
h
es
.

A
R
2
.

Q
u
an

ti
ta
ti
ve

ap
p
ro
ac
h
es

m
od

el
s

ar
e

m
or
e

fr
eq

u
en

tl
y
u
se
d
fo
r
th
e
ev
al
u
at
io
n
of

re
n
ew

ab
le

an
d

su
st
ai
n
ab

le
en

er
gy

p
ol
ic
ie
s.

A
R
3
.
A
ge
n
t-
ba

se
d
m
od

el
in
g
is

th
e
p
re
fe
rr
ed

op
ti
on

to

m
od

el
th
e
re
la
ti
on

be
tw

ee
n
ag

en
ts

in
m
ar
ke

ts
at

a

re
gi
on

al
sc
al
e.

A
R
4
.
I/
O

m
od

el
in
g
is

u
se
d
fo
r
th
e
si
m
u
la
ti
on

of
sh

or
t-

te
rm

eff
ec
ts
.

A
R
5
.
T
h
e
re
qu

ir
ed

qu
al
it
y
of

d
at
a
so
u
rc
es

va
ri
es

fr
om

on
e
ap

p
ro
ac
h
to

an
ot
h
er
.

A
C
1.

E
ac
h

m
et
h
od

ol
og

y
m
an

if
es
t

ob
vi
ou

s

ch
ar
ac
te
ri
st
ic
s
th
at

m
ak

e
th
em

u
n
su

it
ab

le
fo
r
so
m
e

sp
ec
ifi
c
p
ro
bl
em

.

A
C
2.

In
co
n
tr
as
t
to

so
m
e
ot
h
er

ap
p
ro
ac
h
es
,
M
C
A

ca
n

be
im

p
le
m
en

te
d
in

co
m
p
u
ti
n
g
fr
am

ew
or
ks
.
H
ow

ev
er
,

it
s
m
aj
or

d
ra
w
ba

ck
is

it
s
in
ab

il
it
y
in

d
er
iv
in
g
d
ec
is
io
n

in
fo
rm

at
io
n
on

w
h
et
h
er

u
n
d
er
ta
ki
n
g
an

ac
ti
on

is

be
tt
er

th
an

d
oi
n
g
n
ot
h
in
g.

A
C
3.

A
ll

m
od

el
in
g

ap
p
ro
ac
h
es

h
av

e
th
ei
r
st
re
n
gt
h
s

an
d
w
ea
kn

es
s,
h
en

ce
n
on

e
of

th
e
m
od

el
in
g
ap

p
ro
ac
h
es

ca
n
be

co
n
si
d
er
ed

as
su

p
er
io
r
p
er

se
.
N
ev
er
th
el
es
s,

h
yb

ri
d
m
et
h
od

s
te
n
d
st
ri
ke

a
m
or
e
p
os
it
iv
e
ba

la
n
ce

in

an
h
om

og
en

eo
u
s
co
n
te
xt
,
ac
h
ie
vi
n
g
m
or
e
ro
bu

st

re
su

lt
s
an

d
m
in
im

iz
in
g
(o
r
ev
en

el
im

in
at
in
g)

th
e

d
ra
w
ba

ck
s
of

u
si
n
g
a
si
m
p
le

ap
p
ro
ac
h
.

A
C
4.

T
h
e
p
ar
al
le
l
ap

p
li
ca
ti
on

of
d
iff
er
en

t
ap

p
ro
ac
h
es

ca
n
al
so

p
ro
vi
d
e
a
be

tt
er

u
n
d
er
st
an

d
in
g
th
e
ro
bu

st
n
es
s

of
re
su

lt
s
in

th
e
d
iff
er
en

t
m
od

el
s.

A
n
ot
h
er

p
ro
m
is
in
g

av
en

u
e
is
th
e
d
ev
el
op

m
en

t
of

li
n
ka

ge
s
be

tw
ee
n
al
re
ad

y

ex
is
ti
n
g
m
od

el
s.

(c
on

ti
n
u
ed

on
n
ex
t
p
a
g
e)

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1548



T
a
b
le

2
(c
on

ti
n
u
ed

)

#
R
e
fe
re

n
ce

(Y
e
a
r)

In
cl
u
d
e
d

a
rt
ic
le
s

P
e
ri
o
d
(s
)

R
e
v
ie
w

ch
a
ra

ct
e
ri
st
ic
s

A
u
th

o
rs

’
su

m
m

a
ry

o
f
re

su
lt
s

A
u
th

o
rs

’
co

n
cl
u
si
o
n
s

R
5
M
ar
d
an

i
et

al
.

[5
3]

19
6

19
95

–
20

15
R
C
1.

A
re
vi
ew

fo
cu

se
d
on

th
e
ap

p
li
ca
ti
on

of
d
ec
is
io
n
-

m
ak

in
g
ap

p
ro
ac
h
es

in
re
le
va

n
t
en

er
gy

p
la
n
n
in
g

p
ro
bl
em

s.

R
C
2.

72
in
te
rn

at
io
n
al

sc
h
ol
ar
ly

jo
u
rn

al
s
in
d
ex
ed

in

W
eb

of
Sc

ie
n
ce

d
at
ab

as
e.

R
C
3.

T
h
e

P
R
IS
M
A

(s
ys
te
m
at
ic

an
d

m
et
a-
an

al
ys
is
)

m
et
h
od

w
as

u
se
d
to

co
n
d
u
ct

th
e
re
vi
ew

.

R
C
4.

D
at
a

h
av

e
be

en
ex
tr
ac
te
d

an
d

su
m
m
ar
iz
ed

ac
co
rd
in
g
to
:
m
ai
n
ar
ea
s,

au
th
or
s,

p
u
bl
ic
at
io
n
ye
ar
,

te
ch

n
iq
u
e
an

d
ap

p
li
ca
ti
on

,
n
u
m
be

r
of

cr
it
er
ia
,

re
se
ar
ch

p
u
rp
os
e,

ga
p
an

d
co
n
tr
ib
u
ti
on

,
re
su

lt
s
an

d

fi
n
d
in
gs
,
et
c.

A
R
1
.
H
yb

ri
d

M
C
D
M

an
d

F
M
C
D
M

in
th
e

in
te
gr
at
ed

m
et
h
od

s
w
er
e
ra
n
ke

d
as

th
e
m
os
t
p
ri
m
ar
il
y
u
ti
li
ze
d

m
et
h
od

s
in

th
e
li
te
ra
tu
re
.

A
R
2
.

T
h
e

Jo
u
rn

al
of

R
en

ew
a
bl
e

a
n
d

Su
st
a
in
a
bl
e

E
n
er
g
y
R
ev

ie
w
s
co
n
st
it
u
te
d
th
e
m
os
t
re
p
re
se
n
ta
ti
ve

so
u
rc
e
fo
r
th
e
st
u
d
y,

w
it
h
32

p
u
bl
is
h
ed

p
ap

er
s

re
vi
ew

ed
.

A
R
3
.T

h
e
ar
ea

of
E
n
vi
ro
n
m
en

ta
li
m
p
ac
t
as
se
ss
m
en

t
w
as

ra
n
ke

d
as

th
e
m
ai
n
ta
rg
et

ap
p
li
ca
ti
on

of
d
ec
is
io
n
-

m
ak

in
g
ap

p
ro
ac
h
es
.

A
R
4
.
D
ec
is
io
n
-m

ak
in
g

ap
p
ro
ac
h
es

ca
n

h
el
p

d
ec
is
io
n

m
ak

er
s
an

d
st
ak

eh
ol
d
er
s
so
lv
in
g
so
m
e
p
ro
bl
em

s
u
n
d
er

u
n
ce
rt
ai
n
ty

si
tu
at
io
n
s
in

en
vi
ro
n
m
en

ta
l
d
ec
is
io
n
-

m
ak

in
g.

A
C
1.

L
it
tl
e
at
te
n
ti
on

h
as

be
en

p
ai
d
to

th
e
p
re
p
ar
at
io
n

of
d
ec
is
io
n
-m

ak
in
g
m
at
ri
ce
s,
al
on

g
w
it
h
an

in
su

ffi
ci
en

t

ju
st
ifi
ca
ti
on

on
w
h
ic
h
,
h
ow

,
an

d
w
h
y
au

th
or
s
h
av

e

ch
os
en

on
e
sp

ec
ifi
c
m
et
h
od

fo
r
d
at
a
n
or
m
al
iz
at
io
n
or

an
ot
h
er
.

A
C
2.

T
h
er
e
is

a
sh

or
ta
ge

of
re
se
ar
ch

d
ed

ic
at
ed

to
th
e

ap
p
li
ca
ti
on

of
d
ec
is
io
n
-m

ak
in
g
th
eo

ri
es

an
d
m
et
h
od

s

u
n
d
er

fu
zz
y
ag

gr
eg
at
io
n
op

er
at
or
s
in

en
er
gy

d
ev
el
op

m
en

t
is
su

es
.

A
C
3.

F
u
tu
re

p
ap

er
s
m
ay

fo
cu

s
on

in
te
gr
at
in
g
M
C
D
M

m
et
h
od

s
w
it
h
re
ce
n
t
ex
te
n
si
on

s
of

fu
zz
y
se
t
th
eo

ry
,

fu
zz
y
in
te
gr
al
s
an

d
ag

gr
eg
at
io
n
op

er
at
or
s.

A
C
4.

F
u
tu
re

st
u
d
ie
s
m
ay

co
m
bi
n
e
M
C
D
M

te
ch

n
iq
u
es

w
it
h
qu

al
it
at
iv
e
in
fo
rm

at
io
n
an

d
qu

an
ti
ta
ti
ve

d
at
a

ba
se
d
on

fu
zz
y
li
n
gu

is
ti
c
te
rm

se
ts

an
d
fu
zz
y
or
d
er
ed

w
ei
gh

te
d
op

er
at
or
s.

A
C
5.

Sc
h
ol
ar
s
sh

ow
on

go
in
g
in
te
re
st

in
in
te
rv
al
-v
al
u
ed

in
tu
it
io
n
is
ti
c
fu
zz
y
se
ts
,
so

as
to

in
te
gr
at
e
M
C
D
M

m
et
h
od

s
w
it
h
In
te
rv
al
-v
al
u
ed

in
tu
it
io
n
is
ti
c
fu
zz
y

w
ei
gh

te
d
ar
it
h
m
et
ic
,
or
d
er
ed

w
ei
gh

te
d
,
or

h
yb

ri
d

ag
gr
eg
at
io
n
op

er
at
or
s.

R
6
K
u
m
ar

et
al
.

[5
4]

U
n
d
ef
in
ed

( ≳
14

0 )
U
n
d
efi

n
ed

R
C
1.

T
h
is

su
rv
ey

d
ev
el
op

s
an

in
si
gh

t
in
to

va
ri
ou

s

M
C
D
M

te
ch

n
iq
u
es
,
p
ro
gr
es
s
m
ad

e
by

co
n
si
d
er
in
g

R
E
S
ap

p
li
ca
ti
on

s
ov

er
M
C
D
M

m
et
h
od

s
an

d
fu
tu
re

p
ro
sp

ec
ts

in
th
e
ar
ea
.

R
C
2.

A
n

ex
te
n
si
ve

re
vi
ew

il
lu
st
ra
te
s

im
p
or
ta
n
t

fe
at
u
re
s
of

th
e
M
C
D
M

p
ro
bl
em

,
va

ri
ou

s
al
go

ri
th
m
s

av
ai
la
bl
e
an

d
h
ig
h
li
gh

ts
of

th
ei
r
va

ri
ou

s
fe
at
u
re
s
in

th
e

co
n
te
xt

of
R
E
S-
ba

se
d
en

er
gy

p
la
n
n
in
g.

R
C
3.

A
br
ie
f
su

m
m
ar
y
of

p
op

u
la
r
d
ec
is
io
n

an
al
ys
is

an
d
d
ed

ic
at
ed

so
ft
w
ar
e
p
ac
ka

ge
s
re
la
te
d
to

M
C
A
.

R
C
4.

T
h
e

p
ap

er
su

rv
ey
s

m
et
h
od

s
sh

ow
in
g

ty
p
ic
al

st
ep

s
in
vo

lv
ed

al
on

g
w
it
h
th
ei
r
ar
ea

of
ap

p
li
ca
ti
on

,

st
re
n
gt
h
s
an

d
w
ea
kn

es
se
s.

A
R
1
.
M
C
D
M

h
as

em
er
ge
d

as
a

p
op

u
la
r

to
ol

w
it
h

n
u
m
er
ou

s
ap

p
li
ca
ti
on

s
in

m
an

y
su

bj
ec
t
ar
ea
s.

A
R
2
.

B
ro
ad

ly
,

th
re
e

ty
p
es

of
M
C
D
M

m
od

el
s

ar
e

d
is
ti
n
gu

is
h
ed

,
n
am

el
y
va

lu
e
m
ea
su

re
m
en

t
m
od

el
s,

go
al
,
as
p
ir
at
io
n
an

d
re
fe
re
n
ce

le
ve
l
m
od

el
s
an

d

ou
tr
an

ki
n
g
m
od

el
s.

A
R
3
.A

H
P
h
as

ga
in
ed

p
op

u
la
ri
ty

d
u
e
to

it
s
si
m
p
li
ci
ty

in

p
ro
ce
d
u
re
.N

ot
w
it
h
st
an

d
in
g,

th
e
ou

tr
an

ki
n
g
te
ch

n
iq
u
es

E
L
E
C
T
R
E
II
I
an

d
P
R
O
M
E
T
H
E
ar
e
n
ot

le
ss

p
op

u
la
r.

T
h
es
e
m
od

el
s
h
av

e
be

en
al
so

u
se
d
in

co
m
bi
n
at
io
n
.

A
R
4
.
B
as
ed

on
th
e

d
at
a

ob
ta
in
ed

fr
om

qu
a
cq

u
a
re
ll
i

sy
m
on

d
s
w
or
ld

ra
n
ki
n
g,

th
e
au

th
or
s
p
ro
vi
d
e
a
gr
ap

h
ic
al

re
p
re
se
n
ta
ti
on

th
at

in
d
ic
at
es

th
e
n
u
m
be

r
of

to
p
20

0

u
n
iv
er
si
ti
es

in
th
e
w
or
ld

w
h
ic
h
ad

op
te
d
th
e
M
C
D
M

te
ch

n
iq
u
es

fo
r
in
te
rd
is
ci
p
li
n
ar
y
re
se
ar
ch

.

A
R
5
.
T
h
e
av

ai
la
bl
e
so
ft
w
ar
e
p
ac
ka

ge
s
re
la
te
d
to

M
C
A

ar
e
co
m
m
er
ci
al
ly

(o
r
ot
h
er
w
is
e
re
ad

il
y)

av
ai
la
bl
e.

A
R
6
.
In

te
rm

s
of

d
ev
el
op

in
g

n
at
io
n
s,

a
to
ta
l
of

39

p
er
fo
rm

an
ce

in
d
ic
at
or
s
(u
n
d
er

te
ch

n
ic
al
,
ec
on

om
ic
al
,

so
ci
al
,e

n
vi
ro
n
m
en

ta
la

n
d
in
st
it
u
ti
on

al
d
im

en
si
on

s)
ca
n

be
u
se
d
fo
r
effi

ci
en

t
d
es
ig
n
in
g
of

el
ec
tr
ifi
ca
ti
on

sy
st
em

.

A
C
1.

N
o
si
n
gl
e
M
C
D
M

m
od

el
ca
n
be

ra
n
ke

d
as

be
st

or

w
or
st
.
E
ve
ry

m
et
h
od

h
as

it
s
ow

n
st
re
n
gt
h
s
an

d

w
ea
kn

es
se
s
d
ep

en
d
in
g
on

it
s
E
P
D
M

ap
p
li
ca
ti
on

.

A
C
2.

H
yb

ri
d
te
ch

n
iq
u
es

ar
e
th
er
eb

y
be

in
g
d
ev
el
op

ed

to
ta
ck
le

co
m
p
le
x
si
tu
at
io
n
s.

A
C
3.

M
C
D
M

is
n
ot

on
ly

vi
ew

ed
as

a
m
et
h
od

,
bu

t
al
so

as
th
e
m
ea
n
s
to

ca
p
tu
re

al
l
th
e
co
n
se
qu

en
ce
s
an

d

ob
je
ct
iv
es

of
p
la
n
n
in
g.

A
C
4.

M
C
D
M

is
st
il
la

bs
en

t
at

lo
ca
lo

rg
an

iz
at
io
n
al

le
ve
l.

M
os
t
M
C
D
M

m
od

el
s
ar
e
im

p
le
m
en

te
d
in

ar
ea
s

as
so
ci
at
ed

w
it
h
a
n
at
io
n
al
,
re
gi
on

al
or

a
p
ar
ti
cu

la
r

ge
og

ra
p
h
ic
al

lo
ca
ti
on

.
F
u
rt
h
er

an
al
ys
is

is
re
qu

ir
ed

co
n
si
d
er
in
g
lo
ca
l
re
so
u
rc
es

fo
r
lo
ca
l
en

vi
ro
n
m
en

t.

A
C
5.

Su
st
ai
n
ab

le
E
n
er
gy

p
la
n
n
in
g
sh

ou
ld

be
ev
al
u
at
ed

n
ot

on
ly

co
n
si
d
er
in
g
a
si
n
gl
e
sc
en

ar
io

ba
se
d
on

m
u
lt
ip
le

cr
it
er
ia
,
bu

t
ev
al
u
at
io
n
sh

ou
ld

be
d
on

e

co
n
si
d
er
in
g
m
u
lt
ip
le

sc
en

ar
io
s
ba

se
d
on

m
u
lt
ip
le

cr
it
er
ia
.

A
C
6.

A
ch

ie
vi
n
g

th
e

be
st

so
lu
ti
on

an
d

ov
er
co
m
in
g

en
vi
ro
n
m
en

ta
l/
lo
ca
l
is
su

es
in

re
al
-t
im

e
ap

p
li
ca
ti
on

s,

d
em

an
d
s
M
C
D
M

m
od

el
s
u
n
d
er

m
u
lt
ip
le

sc
en

ar
io
s
an

d

cr
it
er
ia
.

(c
on

ti
n
u
ed

on
n
ex
t
p
a
g
e)

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1549



T
a
b
le

2
(c
on

ti
n
u
ed

)

#
R
e
fe
re

n
ce

(Y
e
a
r)

In
cl
u
d
e
d

a
rt
ic
le
s

P
e
ri
o
d
(s
)

R
e
v
ie
w

ch
a
ra

ct
e
ri
st
ic
s

A
u
th

o
rs

’
su

m
m

a
ry

o
f
re

su
lt
s

A
u
th

o
rs

’
co

n
cl
u
si
o
n
s

A
C
7.

N
ew

m
od

u
s
op

er
a
n
d
i
co
u
ld

be
fo
rm

u
la
te
d

to

ta
ck
le

d
iv
er
se

d
im

en
si
on

s
of

en
er
gy

an
d

en
vi
ro
n
m
en

ta
l
p
la
n
n
in
g.

R
7
B
h
ow

m
ik

et
al
.

[5
5]

20
6

19
57

–
20

17
R
C
1.

A
re
vi
ew

on
va

ri
ou

s
w
or
ks

co
n
d
u
ct
ed

u
n
d
er

d
is
ti
n
ct

p
er
sp

ec
ti
ve
s,

e.
g.

in
te
gr
at
ed

ap
p
ro
ac
h
es
,

M
C
D
M

m
et
h
od

s,
et
c.
,
fo
r
gr
ee
n
en

er
gy

p
la
n
n
in
g
an

d

sc
h
ed

u
li
n
g
p
ro
bl
em

.

R
C
2.

A
cl
as
si
fi
ca
ti
on

an
d
an

al
ys
is

of
re
le
va

n
t
re
se
ar
ch

ar
ti
cl
es

ai
m
ed

at
:
(i
)
fi
n
d
in
g
ou

t
th
e
m
os
t
p
op

u
la
r

ap
p
ro
ac
h
ad

op
te
d
in

th
e
su

st
ai
n
ab

le
en

er
gy

ev
al
u
at
io
n
an

d
se
le
ct
io
n
an

d
(i
i)
d
is
co
ve
ri
n
g
th
e
m
os
t

co
m
m
on

ly
co
n
si
d
er
ed

cr
it
er
ia

by
d
ec
is
io
n
m
ak

er
s
in

as
se
ss
in
g
an

d
se
le
ct
in
g
th
e
be

st
gr
ee
n
en

er
gy

so
u
rc
es

av
ai
la
bl
e
gl
ob

al
ly
.

A
R
1
.

T
h
e

m
os
t

fa
m
ou

s
in
d
iv
id
u
al

ap
p
ro
ac
h

is

m
at
h
em

at
ic
al

p
ro
gr
am

m
in
g
u
si
n
g
d
iff
er
en

t

al
go

ri
th
m
s,

fo
ll
ow

ed
by

fu
zz
y
ap

p
ro
ac
h
es
,
h
yb

ri
d

en
er
gy

m
an

ag
em

en
t
of

p
h
ys
ic
al

sy
st
em

s,
A
N
P
,
Z
ig
B
ee

te
ch

n
ol
og

y,
A
H
P
,
d
at
a
en

ve
lo
p
m
en

t
an

al
ys
is

(D
E
A
),

A
N
N
,
ge
n
et
ic

al
go

ri
th
m

(G
A
),
et
c.

A
R
2
.
T
h
e
u
n
ifi
ed

G
A

w
it
h

A
N
N

is
re
p
or
te
d

as
m
or
e

re
li
ab

le
to

p
re
d
ic
t
th
e
su

st
ai
n
ab

le
fu
tu
re
.
In

ad
d
it
io
n
,

G
A

h
as

be
en

in
te
gr
at
ed

al
on

gs
id
e
ot
h
er

ap
p
ro
ac
h
es

su
ch

as
D
E
A
,
fu
zz
y
se
t
th
eo

ry
,
gr
ey

re
la
ti
on

al
an

al
ys
is
,

M
C
D
M

an
d
m
u
lt
i-
ob

je
ct
iv
e
p
ro
gr
am

m
in
g
ap

p
ro
ac
h
es
.

A
R
3
.
M
os
t
of

th
e
ar
ti
cl
es

sh
ow

th
at

va
ri
ou

s
te
ch

n
iq
u
es

h
ad

be
en

im
p
le
m
en

te
d
fo
r
op

ti
m
al

gr
ee
n
en

er
gy

p
la
n
n
in
g
in

d
iff
er
en

t
re
gi
on

s
ac
ro
ss

th
e
gl
ob

e.

A
C
1.

T
h
e

tr
ad

it
io
n
al

si
n
gl
e

or
m
u
lt
ip
le

cr
it
er
ia

ap
p
ro
ac
h
ba

se
d
on

m
in
im

iz
in
g
co
st
s
is

n
o
lo
n
ge
r

su
p
p
or
te
d
an

d
ro
bu

st
en

ou
gh

fo
r
R
E
S
se
le
ct
io
n
.

A
C
2.

M
an

ag
in
g

th
e

R
E
S

by
u
si
n
g

d
iff
er
en

t
h
yb

ri
d

op
ti
m
iz
at
io
n
to
ol
s
an

d
M
C
D
M

te
ch

n
iq
u
es

w
ou

ld
be

si
gn

ifi
ca
n
tl
y
h
el
p
fu
l
fo
r
d
ec
is
io
n
m
ak

er
s.

A
C
3.

It
is
es
ti
m
at
ed

th
at

th
e
n
u
m
be

r
of

w
or
ks

w
il
lk

ee
p

in
cr
ea
si
n
g
in

th
e
co
m
in
g
ye
ar
s
be

ca
u
se

of
th
e

im
p
or
ta
n
ce

of
su

st
ai
n
ab

le
en

er
gy

p
la
n
n
in
g.

A
C
4.

In
m
an

y
ca
se
s,

th
e

w
ei
gh

ts
of

cr
it
er
ia

ar
e

as
si
gn

ed
ar
bi
tr
ar
il
y
w
it
h
ou

t
co
n
si
d
er
in
g
th
e
“r
ig
h
t
to

be
h
ea
rd
”
of

or
d
in
ar
y
p
eo

p
le
.

A
C
5.

E
N
T
R
O
P
Y
-A

H
P
,

A
N
P
,T
O
P
SI
S,

or
C
O
P
R
A
S

m
et
h
od

s
an

d
A
H
P
-A

B
C
an

al
ys
is

h
av

e
n
ot

be
en

ap
p
li
ed

to
R
E
S
ev
al
u
at
io
n
an

d
se
le
ct
io
n
p
ro
bl
em

s
ye
t.

R
8
M
ar
tí
n
-

G
am

bo
a
et

al
.

[2
]

62 39

u
n
ti
l

M
ar
ch

20
16

u
n
ti
l

Ju
n
e

20
16

R
C
1.

T
h
e
fi
rs
t
li
te
ra
tu
re

re
vi
ew

fo
cu

se
s
on

M
C
A

fo
r

su
st
ai
n
ab

il
it
y
as
se
ss
m
en

t
of

en
er
gy

sy
st
em

s
(S
co
p
u
s

se
ar
ch

).

R
C
2.

T
h
e

fi
rs
t
re
vi
ew

ai
m
s

to
id
en

ti
fy

-
th
ro
u
gh

co
n
te
n
t
an

al
ys
is

-
th
e
m
os
t
co
m
m
on

ly
u
se
d
cr
it
er
ia
,

d
at
a
so
u
rc
es

an
d
M
C
A

to
ol
s
fo
r
su

st
ai
n
ab

il
it
y

as
se
ss
m
en

t
of

en
er
gy

sy
st
em

s.

R
C
3.

T
h
e
se
co
n
d

li
te
ra
tu
re

re
vi
ew

h
as

fo
cu

s
on

th
e

co
m
bi
n
ed

im
p
le
m
en

ta
ti
on

of
li
fe
-c
yc
le

(L
C
)

ap
p
ro
ac
h
es

an
d
D
E
A

m
od

el
s
fo
r
th
e
su

st
ai
n
ab

il
it
y

as
se
ss
m
en

t
of

en
er
gy

sy
st
em

s.

R
C
4.

T
h
e
ce
n
tr
al

ob
je
ct
iv
e
is

to
ex
p
lo
re

an
d
el
u
ci
d
at
e

p
ot
en

ti
al
s
of

th
e
af
or
em

en
ti
on

ed
h
yb

ri
d
ap

p
ro
ac
h
es

w
it
h
in

su
st
ai
n
ab

il
it
y-
or
ie
n
te
d
M
C
D
M
.

R
C
5.

T
h
e
re
vi
ew

p
re
se
n
ts

th
e
n
u
m
be

r
of

L
C

+
D
E
A

st
u
d
ie
s
p
u
bl
is
h
ed

ac
co
rd
in
g
to

th
e
ye
ar

of
p
u
bl
ic
at
io
n

an
d
th
e
co
u
n
tr
ie
s
in
vo

lv
ed

(S
co
p
u
s
se
ar
ch

).

A
R
1
.T

h
e
fi
rs
t
re
vi
ew

sh
ow

s
a
si
gn

ifi
ca
n
t
in
cr
ea
se

in
th
e

n
u
m
be

r
of

p
u
bl
ic
at
io
n
s
si
n
ce

20
10

.

A
R
2
.
T
h
e

L
C

+
D
E
A

co
n
ce
p
t
h
as

ga
in
ed

in
cr
ea
si
n
g

p
op

u
la
ri
ty

in
re
ce
n
t
ye
ar
s,
w
it
h
a
gr
ow

in
g
in
te
rn

at
io
n
al

co
ve
ra
ge

(s
ec
on

d
re
vi
ew

).

A
R
3
.
T
h
e
m
os
t
co
m
m
on

M
C
A
m
et
h
od

s
ar
e
in
sp

ir
ed

by

th
e
m
u
lt
i-
at
tr
ib
u
te

va
lu
e
th
eo

ry
(M

A
V
T
)
fa
m
il
y
of

m
et
h
od

s.
W
it
h
in

M
A
V
T
,
it
is

co
m
m
on

to
fi
n
d
A
H
P
an

d

M
A
U
T
ap

p
ro
ac
h
es
.
O
u
tr
an

ki
n
g
m
et
h
od

s
ar
e
al
so

co
m
m
on

M
C
A

op
ti
on

s.

A
R
4
.F

ou
r
ke

y
m
et
h
od

s
ar
e
in
cl
u
d
ed

in
th
e
d
is
ta
n
ce
-t
o-

ta
rg
et

ca
te
go

ry
:
T
O
P
SI
S,

V
IK

O
R
,
gr
ey

re
la
ti
on

al

an
al
ys
is
,
an

d
D
E
A
.

A
R
5
.
T
h
e
re
m
ai
n
in
g
ca
te
go

ri
es

an
al
yz
ed

sh
ow

a
lo
w
er

n
u
m
be

r
of

oc
cu

rr
en

ce
s
in

ex
is
ti
n
g
li
te
ra
tu
re
.

A
R
6
.
A
s
an

or
ig
in
al

re
su

lt
of

p
ot
en

ti
al

is
su

es
id
en

ti
fi
ed

th
ro
u
gh

th
e
re
vi
ew

p
ro
ce
ss
,
a
n
ov

el
m
et
h
od

ol
og

ic
al

fr
am

ew
or
k
ba

se
d
on

L
C
A
,
D
E
A
an

d
en

er
gy

sy
st
em

s

m
od

el
in
g
is

p
ro
p
os
ed

fo
r
en

h
an

ce
d
en

er
gy

p
la
n
n
in
g.

A
C
1.

T
h
e
ch

oi
ce

of
a
sp

ec
ifi
c
M
C
A

m
et
h
od

is
h
ig
h
ly

d
ep

en
d
en

t
on

th
e
p
ar
ti
cu

la
r
fe
at
u
re
s
of

ea
ch

p
ro
bl
em

an
d
th
e
d
ec
is
io
n
-m

ak
er
s’
n
ee
d
s.

A
C
2.

W
it
h
in

th
e

M
C
A

to
ol
s

re
vi
ew

ed
,
p
ar
ti
cu

la
rl
y

w
it
h
in

th
e
d
is
ta
n
ce
-t
o-
ta
rg
et

m
et
h
od

s,
D
E
A
ar
is
es

as

a
tr
ad

e-
off

so
lu
ti
on

be
tw

ee
n
so
u
n
d
n
es
s
an

d

p
ra
ct
ic
al
it
y.

A
C
3.

T
h
e

ap
p
li
ca
ti
on

of
D
E
A

as
an

M
C
A

to
ol

fo
r

su
st
ai
n
ab

il
it
y
as
se
ss
m
en

t
is

st
il
l
u
n
ta
p
p
ed

.
T
h
e
m
in
or

ro
le

cu
rr
en

tl
y
p
la
ye
d
by

D
E
A
in

su
st
ai
n
ab

il
it
y

as
se
ss
m
en

t
of

en
er
gy

sy
st
em

s
sh

ou
ld

be
u
n
d
er
st
oo

d
as

an
op

p
or
tu
n
it
y.

A
C
4.

T
h
e
L
C

+
D
E
A

co
n
ce
p
t
em

er
ge
s
as

a
fe
as
ib
le

M
C
D
M

m
et
h
od

ol
og

y
w
h
en

d
at
a
st
em

fr
om

m
u
lt
ip
le

h
om

og
en

eo
u
s
en

ti
ti
es
,
th
u
s
su

p
p
or
ti
n
g
co
m
p
le
x

d
ec
is
io
n
-m

ak
in
g
p
ro
ce
ss
es
.

A
C
5.

T
h
e
u
se

of
a
n
ov

el
m
et
h
od

ol
og

ic
al

fr
am

ew
or
k

ba
se
d
on

L
C
A
,
en

er
gy

sy
st
em

s
m
od

el
in
g
an

d
D
E
A
is

re
co
m
m
en

d
ed

fo
r
en

h
an

ce
d
en

er
gy

p
la
n
n
in
g.

(c
on

ti
n
u
ed

on
n
ex
t
p
a
g
e)

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1550



T
a
b
le

2
(c
on

ti
n
u
ed

)

#
R
e
fe
re

n
ce

(Y
e
a
r)

In
cl
u
d
e
d

a
rt
ic
le
s

P
e
ri
o
d
(s
)

R
e
v
ie
w

ch
a
ra

ct
e
ri
st
ic
s

A
u
th

o
rs

’
su

m
m

a
ry

o
f
re

su
lt
s

A
u
th

o
rs

’
co

n
cl
u
si
o
n
s

A
C
6.

T
h
e

co
m
bi
n
at
io
n

of
L
C

ap
p
ro
ac
h
es

an
d

D
E
A

in
h
er
it
s
th
e
ad

va
n
ta
ge
s
of

bo
th

m
et
h
od

ol
og

ie
s,

w
h
il
e

ov
er
co
m
in
g
so
m
e
of

th
ei
r
li
m
it
at
io
n
s
an

d
p
ro
d
u
ci
n
g

an
ea
sy
-t
o-
re
p
or
t
an

d
ea
sy
-t
o-
in
te
rp
re
t
re
su

lt
s.

R
9
V
as
so
n
ey

et
al
.

[5
6]

45
u
n
ti
l
O
ct
ob

er

20
15

R
C
1.

A
re
vi
ew

of
st
at
e-
of
-t
h
e-
ar
t
M
C
A
ap

p
li
ca
ti
on

s
to

su
st
ai
n
ab

le
h
yd

ro
p
ow

er
p
ro
d
u
ct
io
n
an

d
re
la
te
d

d
ec
is
io
n
-m

ak
in
g
p
ro
bl
em

s.

R
C
2.

A
d
et
ai
le
d
an

al
ys
is
of

sc
ie
n
ti
fi
c
p
ap

er
s
p
u
bl
is
h
ed

in
th
e
to
p
ic

ov
er

th
e
la
st

15
ye
ar
s.

R
C
3.

T
h
e
p
ap

er
s
w
er
e
an

al
yz
ed

an
d
co
m
p
ar
ed

,
ba

se
d

on
sp

ec
ifi
c
fe
at
u
re
s
of

M
C
A
m
et
h
od

s,
h
ig
h
li
gh

ti
n
g
th
e

ge
n
er
al

as
p
ec
ts

of
th
e
M
C
A

ap
p
li
ca
ti
on

(p
u
rp
os
e,

sp
at
ia
l
sc
al
e,

so
ft
w
ar
e
u
se
d
,
st
ak

eh
ol
d
er
s,

et
c.
)
an

d

th
e
sp

ec
ifi
c
op

er
at
io
n
al
/t
ec
h
n
ic
al

fe
at
u
re
s
of

th
e

se
le
ct
ed

M
C
A

te
ch

n
iq
u
e
(m

et
h
od

ol
og

y,
cr
it
er
ia
,

ev
al
u
at
io
n
,
ap

p
ro
ac
h
,
se
n
si
ti
vi
ty
,
et
c.
).

A
R
1
.
A
n

in
cr
ea
si
n
g

tr
en

d
ac
ro
ss

th
e

ti
m
e

of
M
C
A

ap
p
li
ca
ti
on

s
to

h
yd

ro
p
ow

er
u
se

an
d
m
an

ag
em

en
t

p
ro
bl
em

s.

A
R
2
.
A

va
st

m
aj
or
it
y
of

p
ap

er
s
(8
6.
7%

)
re
fe
rs

to
re
al

ca
se

st
u
d
ie
s
in

w
h
ic
h
M
C
A
is
u
n
d
er
ta
ke

n
w
it
h
re
al

d
at
a.

A
R
3
.
T
h
er
e

ar
e

n
o

p
u
bl
ic
at
io
n
s

d
es
cr
ib
in
g

w
h
et
h
er

M
C
A

re
su

lt
s
w
er
e
ap

p
li
ed

to
su

p
p
or
t
th
e
d
ec
is
io
n
-

m
ak

in
g
p
ro
ce
ss
,
n
ot

on
ly

at
a
th
eo

re
ti
ca
l
le
ve
l,
bu

t
al
so

le
ad

in
g
in

p
ra
ct
ic
e
to

ec
on

om
ic
al

an
d
p
ol
it
ic
al

d
ec
is
io
n
s.

A
R
4
.S

ev
er
al

ar
ti
cl
es

la
ck

re
fe
re
n
ce
s
to

th
e
p
ar
ti
ci
p
at
io
n

of
ex
p
er
ts

an
d
st
ak

eh
ol
d
er
s
in

th
e
d
ec
is
io
n
-m

ak
in
g

p
ro
ce
ss

or
,
ev
en

if
th
e
au

th
or
s
d
ec
la
re
d
a
p
ar
ti
ci
p
at
or
y

ap
p
ro
ac
h
,
th
e
su

bj
ec
ts

ac
tu
al
ly

in
vo

lv
ed

in
th
e
ca
se

st
u
d
y
ar
e
n
ot

sp
ec
ifi
ed

.

A
R
5
.
T
h
e
m
os
t
ap

p
li
ed

M
C
A

te
ch

n
iq
u
e
tu
rn

s
ou

t
to

be

A
H
P
,
w
h
ic
h
is

oc
ca
si
on

al
ly

u
se
d
in

co
n
ju
n
ct
io
n
w
it
h

ot
h
er

m
et
h
od

ol
og

ie
s
or

ex
te
n
d
ed

in
to

a
fu
zz
y
co
n
te
xt
.

A
R
6
.
Se

n
si
ti
vi
ty

an
al
ys
is

w
as

ap
p
li
ed

to
in
ve
st
ig
at
e
th
e

co
n
si
st
en

cy
of

re
su

lt
s,
u
su

al
ly

by
m
od

if
yi
n
g
th
e
w
ei
gh

ts

of
so
m
e
in
d
ic
at
or
s
to

ob
se
rv
in
g
th
e
p
os
si
bl
e
eff

ec
ts

on

p
re
fe
re
n
ce
s
ov

er
al
te
rn

at
iv
es
.

A
C
1.

T
h
e

la
ck

of
se
ve
ra
l
si
gn

ifi
ca
n
t
in
fo
rm

at
io
n

in

n
u
m
er
ou

s
p
ap

er
s
(e
.g
.,
ac
to
rs

in
vo

lv
ed

,
th
e
u
se

of

M
C
A

re
su

lt
s
in

th
e
re
al

ca
se

st
u
d
y,

et
c.
)
p
re
ve
n
t
a

ge
n
er
al

u
n
d
er
st
an

d
in
g
on

h
ow

M
C
A

su
p
p
or
te
d
th
e

d
ec
is
io
n
-m

ak
in
g
p
ro
ce
ss

or
w
h
et
h
er

th
e
M
C
A

re
su

lt
s

w
er
e
(a
t
le
as
t)

ta
ke

n
in
to

ac
co
u
n
t
by

st
ak

eh
ol
d
er
s.

A
C
2.

A
bo

tt
om

-u
p

ap
p
ro
ac
h

is
ge
n
er
al
ly

d
iffi

cu
lt

to

u
n
d
er
ta
ke

(e
.g
.,
th
e
ch

oi
ce

of
cr
it
er
ia

an
d
in
d
ic
at
or
s
is

u
su

al
ly

m
ad

e
by

th
e
au

th
or
s
of

th
e
p
ap

er
,
u
su

al
ly

ba
se
d
on

a
li
te
ra
tu
re

re
vi
ew

or
ex
p
er
t
co
n
su

lt
at
io
n
).

T
h
is

m
ay

be
d
u
e
to

th
e
d
iffi

cu
lt
y
to

p
ro
m
ot
e
th
e

p
ar
ti
ci
p
at
io
n
of

d
iff
er
en

t
st
ak

eh
ol
d
er
s,

ta
ki
n
g
in
to

ac
co
u
n
t
th
ei
r
co
n
ce
rn

s
an

d
in
te
re
st
s
an

d
fa
ci
n
g
th
e

d
iv
er
ge
n
ce

of
th
ei
r
p
er
sp

ec
ti
ve
s,

p
oi
n
t
of

vi
ew

an
d

va
lu
es
.

A
C
3.

F
u
tu
re

M
C
A

ap
p
li
ca
ti
on

s
sh

ou
ld

ad
op

t
a
m
or
e

p
ar
ti
ci
p
at
or
y
at
ti
tu
d
e
at

al
l
le
ve
ls

of
th
e
m
od

el
in
g

p
ro
ce
d
u
re

w
h
il
st

en
su

ri
n
g
th
at

al
l
st
ak

eh
ol
d
er
s
an

d

ex
p
er
ts

in
vo

lv
ed

in
th
e
p
ro
ce
ss

ar
e
ab

le
to

p
ar
ti
ci
p
at
e

an
d
co
n
tr
ib
u
te

ac
ti
ve
ly

to
th
e
m
od

el
in
g
p
ro
ce
ss
.

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1551



FMCDM approaches. Their study reviewed a total of 403 papers
published from 1994 to 2014 in more than 150 peer-reviewed
journals. Selected papers were grouped into four main fields:
engineering, management and business, science, and technology.
Furthermore, these papers were categorized based on authors,
publication date, country of origin, methods, tools, and type of
research. Interesting results of this study indicated that FMCDM and
fuzzy AHP were ranked as the first and second methods in terms of
usage; and engineering domain was ranked as the most applied field
by fuzzy decision-making models.

Suganthi et al. [39] focused their review on the applications of fuzzy
logic based models in renewable and sustainable energy systems. They
argue that fuzzy based models have been extensively used in recent years
for different EPDM planning situations (e.g., site assessment, photovol-
taic/wind farms installation, power point tracking in solar photovoltaic/
wind, etc.). In addition, the authors pointed out the widespread use of
fuzzy AHP and fuzzy ANP methods in identifying the relative importance
of RES-related alternatives, schemes, and project plans. They conclude
that researchers can adopt fuzzy based modeling to provide pragmatic
solutions in solving the energy-environment problems.

Antunes and Henriques [6] proposed one of the most complete

and exhaustive reviews of MOO and MCA models and methods for
different problems in the energy sector. Their review analyses
models and methods dealing with optimization and decision-making
concerns in a vast range of energy problems, throughout a selection
of papers appearing in international journals in the 21st century,
mostly in the areas of operational research and energy. The authors
investigated the structure of models and methods to tackle the most
frequent types of problems reported in the literature. The main
conclusion is that MOO and MCA models and methods gained an
increasing importance in the appraisal of energy technologies and
policies across a vast range of energy planning problems, decision
levels and timeframes, in order to generate usable recommendations
that balance multiple, conflicting, and incommensurate evaluation
aspects. Additionally, the authors expect that the energy sector will
remain one of the most active and exciting areas of application of
MOO/MCDM models and methods, with an enriching cross-fertili-
zation between challenging problems and innovative methodologies
to tackle them.

The above-discussed works are highly-cited reviews over the last 15
years that attempted– under different perspectives –to investigate
problems concerning systems, methods, models, and techniques in
EPDM. In addition to these efforts, Table 2 presents a summary of nine
[1,2,50–55] of most recent attempts to overview latest EPDM solu-
tions. The tabular overview covers similar aspects as those discussed in
previous reviews, along with the total number of included articles, the
covered period(s) of the publications, the main characteristics of the
review, the authors’ summary of results, and most importantly the
authors’ final conclusions. Our purpose is to provide the interested
reader with concise, yet comprehensive and meaningful information
about these recent EPDM literature reviews. Several more recent
literature reviews [3,8,122,141,153,161,162] have been left out of the
scope of this paper, since their main focus was on management aspects
exclusively.

Most previous efforts in reviewing state-of-the-art research EPDM
tried to investigate only specific energy planning concerns (e.g., the
assessment of RES investments [1], classification problems in RES
[51], renewable and sustainable energy policy modeling [52], sustain-
ability assessment of energy systems [2], etc.) while targeting only a
particular EPDM solution (e.g., bayesian networks [50], MOO [2,5,6],
MCA [6,10,57], fuzzy and FMCDM approaches [60], etc.). In other
words, none of these works cover all EPDM challenges and their related
solutions. Furthermore, most reviews apply classical classification
strategies to categorize the results predicated on publication date,
application areas, authors nationalities, used methods, type of re-
search, etc., and concentrate on communicating the trends, methods
and application areas by using bibliometric/meta-analysis, and dis-
tributions of the selected articles over different attributes [1,53–55].

To the best of our knowledge, none of the existing literature reviews
attempted to summarize the different processes or decision support
tools in a structured framework to aid decision makers in recognizing
for instance, the different stages of exploiting/promoting the available
RES that require more attention. Specifically, from a computer science
design point of view, there is a shortage of clear classifications and
studies of existing literature regarding the strategic operations of RES.
Computer science contributions are still unclear in these operations,
and innovative aspects are undefined due to rapid changes in the
renewable and sustainable energy field. Additionally, most of the
existing literature reviews try to answer classical research questions
such as: Which approaches were predominantly applied in a particular
EPDM situation? How these approaches have been applied to EPDM
situations? What are the advantages and drawbacks of the approaches?
Which evaluating criteria were paid more intentness to energy plan-

Table 3
Electronic databases investigated in this review.

# Electronic databases

EDB1 ScienceDirect

EDB2 ISI Web of Science

EDB3 IEEE Xplore

EDB4 ACM Digital library

EDB5 SpringerLink

EDB6 Wiley InterScience

EDB7 Google Scholar

Table 4
Target domain journals investigated in this review.

# Domain journal

(Renewable) energy

EJ1 Renewable and Sustainable Energy Reviews

EJ2 Journal of Cleaner Production

EJ3 Energy

EJ4 Energy Conversion and Management

EJ5 Energy Policy

EJ6 Applied Energy

EJ7 Renewable Energy

EJ8 Environmental Science & Technology

EJ9 Energy & Fuels

Computer science

CSJ1 MIS Quarterly

CSJ2 Information Sciences

CSJ3 Decision Support Systems

CSJ4 Knowledge-Based Systems

CSJ5 Future Generation Computer Systems

CSJ6 Expert Systems with Applications

CSJ7 European Journal of Operational Research

CSJ8 Computers & Operations Research
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Fig. 1. Classification of strategic EPDM studies.
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ning for sustainable development? [2,55]. Moreover, to our knowledge,
none of the previous reviews tried to investigate in a systematic way all
problematics, limitations, and complexities in EPDM solving solutions.

Therefore, we consider the limitations highlighted above in order to
outline the current complexities, trends, and potential future research
lines of enquiry on this research topic. The next subsections describe
the research methodology and the proposed detailed classification of
the selected papers. Importantly, we note that the results and conclu-
sions drawn from existing literature reviews in this section must be
interpreted as support and complementary evidence to the statements
of this paper.

2.2. Research methodology

The primary purpose regarding the ongoing literature review is to
investigate the complexities and challenges of EPDM solutions, so as to
identify directions of work towards improved and more effective
decision-making solutions in the future. Relevant studies are retrieved
automatically, by querying multiple electronic databases (see Table 3),
as well as manually, from target indexed, in Scopus and Web of Science
database peer-reviewed domain– (renewable) energy and computer
science –journals (see Table 4). The study selection process in both
databases, and target journals consists of three successive phases.

Initially, a search strategy is first applied in order to identify potential
studies. A set of search terms is proposed and various combinations
using boolean operators (“OR” and “AND”) are used to join them: energy
planning OR renewable energy OR<X>) AND (decision support system
OR DSS) AND (MCDM OR multiple criteria decision-making OR multi-
criteria decision-making) AND (fuzzy OR fuzzy theory OR fuzzy set OR
fuzzy logic) AND (uncertainty OR artificial intelligence OR AI OR
knowledge-based OR web-based), etc. Importantly, the string <X>
was replaced with each of the individual RES names (e.g., solar power,
PV, geothermal, hydro power, biomass, etc.).
Next, formal searches are performed in two sub-steps sequentially:
(i) the automatic search in the selected databases and (ii) manual
search in the target domain journals. Additionally, this paper's
authors decided to use the snowballing1 approach only on citations
that highly matches the target investigations by this review
[163,164], as an additional and effective way to search for relevant
literature.
Then, in each phase, titles, abstracts, and full-texts of potential
studies have been analyzed against some pre-defined criteria in
order to decide whether each paper should be included or not. Non-
English studies, studies not covering decision-making in energy
planning issues belonging to the categories within the strategic
decision level (see DL.1. in Table 1), and studies with an application
of DSSs not belonging to at least one of the categories between
parenthesis (energy, knowledge-based and expert systems, uncer-
tainty and AI techniques, web-based applications), were not taken
into account in this literature review. More generally, we identified
representative studies that proposed theoretical or/and practical
solution(s) to strategic EPDM applications such as: comparison of
power generation technologies, evaluation of energy plans and
policies, selection of energy projects, and siting decisions.
Disagreements about paper selection in unclear/boundary cases
have been managed throughout discussion between all the partici-
pants in this review.

As previously stated, the present study is aimed at extracting a
number of relevant insights and remarks from the strategic EPDM
literature that enables us to build a clear understanding of its
limitations, trends, and potential future research lines. A notable
challenge was to maintain a manageable amount of selected works
whilst still objectively and comprehensively representing the current
state-of-the-art of the investigated topic: more than 300 papers
remained when applying the first phase of the search procedure. The
second step was to identify additional criteria in order to reduce the
number and to have a basis for the construction of a classification
strategy. Therefore, studies from 2005 and onwards are considered
with the focus on most cited, relevant, and recent case studies
regarding renewable and sustainable energy planning. More precisely,
studies that implemented a DSS for one or more strategic EPDM
categories are prioritized. Applying the additional criteria, a total of 78
studies are chosen as the representative sample.

In the sequel, we shall first refer to the classification used to
categorize the most frequently used decision support tools applied to
strategic EPDM problems. Then, the representative sample of articles is
presented and categorized based on the proposed classification.

2.3. Classification

Within the analysis of the selected articles, several patterns were
observed. In this sense, to classify relevant works (strategic EPDM
solutions), we use the following parameters to investigate their
strengths, weaknesses, and more importantly their suitability to handle
different aspects in strategic EPDM: (A) the EPDM categor(y/ies) from
Table 1, (B) EPDM stage(s), (C) Uncertainty handling feature, (D)
Intelligence integration, (E) available System access and user-friendly
interfaces, and last (F) the decision-making Method(s) used as
problem-solving. In parallel, we focus on the identification of strategic
EPDM categories and stages of exploiting and promoting the RES that
demand future considerations from researchers and computer scien-
tists alike. Then, the rest of the classification parameters– (C), (D), (E),
and (F) –are considered to facilitate targeting the major interest of this
study– complexities and challenges of EPDM solutions –whilst allow-
ing a differentiation from previous literature reviews. Fig. 1 depicts the
overall process of the classification, whose main parameters, except (A)
(see Table 1), are developed in the following subsections.

2.3.1. EPDM stages
We consider a scenario that covers the fundamental stages to

initiate an energy planning project, distinctly, the ones that tend to
exploit and develop the available RES for a better and sustainable
world. The description of the considered scenario's stages and asso-
ciated decision-making examples are given in Table 5. This scenario
involves four successive EPDM stages from (S1) the Planning and
initiation of a renewable and sustainable energy project, (S2) project's
Control and development, (S3) Improvements and restructuring, to
(S4) project's evaluation to measure actual and future Benefits and
outcomes. Whilst doing so, existing decision support tools and methods
for restructuring the energy sector, concerning patterns of energy
extraction, generation, transformation and use, from unsustainable to
sustainable forms of development are identified for each of the above-
defined stages. In other words, the objective is to classify the different
selected papers in a structured way to aid policy and decision makers in
recognizing the different EPDM stages and their existing related tools.
Additionally, this resolution will help to point out stages that might
need to be further investigated which give researchers and computer
scientists alike insights on existing issues and potential improvements.

1 Snowballing refers to the continuous, recursive process of gathering, searching,
scanning and using the reference list of a paper or the citations to the paper to identify
additional papers.
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2.3.2. Uncertainty handling
As explained by Mirakyan and Guio [165]: “in the last decades and

in a competitive energy market, the need for uncertainty analysis
becomes important for different reasons.” EPDM involves many
sources of uncertainty due to internal and external factors. Mostly,
these sources are the result of inconsistency or imprecision in data and
the subjectivity or vagueness of human (decision makers) judgments.
Additionally, most of the input data and parameters required by the
decision-making methods cannot be given precisely [6]. For instance,
in an MCDM context providing exact numerical values for the criteria
(precise evaluations) is often beyond decision maker reasoning and
capabilities. Several taxonomies and concepts of uncertainty have been
proposed in recent years (e.g., linguistic uncertainty, knowledge/
epistemic uncertainty, variability/aleatoric uncertainty, decision un-
certainty, procedural uncertainty, etc.). Gu et al. [166] identified four
interrelated categories of uncertain information:

UT1. Random uncertainty which is due to inadequate conditions or
the interference from causal factors;
UT2. Fuzzy uncertainty which is caused by fuzzy extension of
unknown information;
UT3. Grey uncertainty which means part information is known but
other is unclear, missing or unavailable;
UT4. Unascertained uncertainty referring to that decision makers
cannot fully grasp the true state, nature of things, or quantitative
relations which causes a subjective uncertainty.

Each type of these uncertainties has been addressed by different
approaches such as: sensitivity analysis [14,97], scenario based analy-
sis [88], fuzzy sets [34,42,167], etc. Therefore, the sensitive and
complex nature of EPDM require processing all the different types
and sources of uncertainty to provide decisions in which the decision
maker can have confidence [6]. However, even if many sources of
uncertainty are recognized, there is still a lack of agreement on a
unified typology, characteristics, relative magnitudes, and available
approaches for dealing with them [84].

The aim of this study is to demonstrate how the importance and

benefits of dealing with uncertainty have evolved across the time in the
strategic EPDM related literature. Accordingly, integrating the active
parameter (Uncertainty handling) in our proposed classification
indicates if a selected paper tried to propose an approach to handle
one or more specific type of uncertainty or not. Thus, the Uncertainty
type(s) (C1) is firstly identified according to the above-mentioned four
categories [166]. Then, the proposed Uncertainty solution(s) (C2) to
deal with each type of uncertainty is identified. The aim is to investigate
uncertainty handling and treatment in strategic EPDM context whereas
an extensive literature review of uncertainty in EPDM will be further
investigated in a future work.

2.3.3. Intelligence
Decision-making for renewable and sustainable energy promotion

and development requires intelligent solutions that enable managing
growing complexities of strategic energy planning and specific manage-
ment operations. The EPDM literature contains numerous references
to intelligent tools that have been specifically designed to different
management operations (energy resources management [32], energy-
saving [142,144], smart grid management [154], intelligent building
[168], demand side management [136], energy demand [130], and so
on). On the other hand, none of the previous literature reviews–
referenced in this paper –investigated the use of AI techniques, ML
algorithms, or the integration of other effective intelligent components
in strategic energy planning. The numerous ecological, socio-economic-
al, and political constraints EPDM processes involved, along with the
presence of interrelated perspectives, conflicting objectives, and (a
large number of) involved stakeholders with different aims and
preferences [15,16] further complicate the decision-making problem.
In such situations, the planners (or decision makers) often are not fully
aware of (i) the range of factors involved, (ii) the implications of the
other participants, and more importantly (iii) hidden aspects that
require deeper investigations and might completely change and affect
the final decisions [169,170]. It is sometimes not until after generating
a proposed action that unforeseen consequences become perceptible or
evident and that a reconsideration of the whole decision-making
process that generated this decision becomes necessary [49]. The most

Table 5
The proposed EPDM stages.

# Stage Description Decision (s)

S1 Planning and initiation This stage refers to exploiting available RES to develop different

projects that will make people's life better in every way possible (e.g.,

power generation plants, smart grids, homes, and buildings, energy-

saving systems, green and sustainable industrial development, etc.)

Selection of energy projects, investments and projects’ portfolio

optimization, cost benefit analysis, risk analysis, siting decisions,

evaluation and selection of energy plans and policies, etc.

S2 Control and

development

One of the keys to project success is the monitoring. Projects in first

stages of development need special control of all available resources to

insure their continuity and optimization.

Resources availability and optimization, operational level monitoring,

evaluation of energy efficiency measures, human resources

management, etc.

S3 Improvements and

restructuring

Each project will unquestionably encounter various types of problems.

The decision makers need to consider practical corrective actions and

figure out effective solutions in order to restructure or improve their

project.

Crisis management, intelligent support, knowledge use and sharing,

etc.

S4 Benefits and outcomes The aim of developing every project is to achieve remarkable benefits.

These benefits are mainly financial (project holders’ gains), social (jobs

creation), and environmental (the sustainability worldwide concern).

Energy use and consumption, consumer satisfaction, environmental

impacts assessment, project assessment, reporting, etc.
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frequently used classical decision support methods applied to renew-
able and sustainable energy problems are conceptually far away from
overcoming such complex and perplexing EPDM situations. From this
point of view, advanced AI techniques, machine and deep learning
algorithms, data mining and big data analytics, and innovative knowl-
edge-based systems are distinguished to be the next considerations of
researchers in EPDM. Thus, the active classification parameter
(Intelligence) is proposed to describe the level of such commitments
Intelligence integration (D1) from computer scientists in the area of
strategic energy planning towards fully exploiting and promoting the
available RES. Moreover, this is processed throughout indicating if a
proposed study integrates– the combination of – Intelligent compo-
nent(s) (D2) in the decision-making process or not. We also outline a
distinction between classical/traditional and (intelligent) next-genera-
tion EPDM solutions as another contribution of this study (see
Table 7).

2.3.4. System access
The significance of investments and sustainability interests, namely

concerning RES, have been relevant factors when EPDM problems
have been considered as serious challenges of this century. Thus, the
right tools need to be offered to planners and decision makers
(governments, investors, regulators, consumers, interest groups, etc.)
in order to (i) perform detailed analysis, (ii) obtain balanced recom-
mendations, and (iii) get computerized support in dynamic and
complex EPDM environments [6]. Moreover, the sophistication and
widespread use of electronic and smart devices, such as mobile phones
and tablet computers, and the advent of Web technologies and services,
particularly when cloud-enabled, suggest that an integrative EPDM tool
may not have to employ traditional computers and user interfaces [49].

Furthermore, the rapid progress in interactive and portable devices and
the continuous increase in Internet adoption make them suitable
environments for EPDM tools. So, an EPDM tool design must take
into account the progress in information and communication technol-
ogy (ICT).

Accordingly, this active classification parameter System access is
firstly aimed at illustrating whether the proposed tool from a selected
paper is already implemented as a Deliverable (E1) (i.e., an existing
and effective tool and not a theoretical conception) and, if so, to
describe which Type(s) of system access (E2) are available to enable
the decision makers or other stakeholders to use it. We consider four
types of systems access in this classification parameter: Desktop
application, Web application, Cloud application, and Mobile applica-
tion. The definition of such a parameter assumes critical importance to
investigate the avail of current strategic EPDM solutions from novel
medium access and technologies.

2.3.5. Method(s) used
For any renewable and sustainable energy project to be efficient and

successful, a synergy has to be found considering the present resources
and the predicted outcomes. Typically, problems-solving in strategic
EPDM follow a number of general and successive steps. Firstly, the
process incorporates defining the problem, eliciting relevant decision
factors, then, identifying strategic actions, and finally evaluating and
selecting the action(s) that satisfy the decisions maker's expectations
[2,10,54]. For instance, one of the most dominant challenges under-
taken in the current literature is the problem of assessing renewable
and sustainable energy projects to select the most suitable ones for a
given area [41,61,89,106]. Most of the times, the decision has been
made through DSSs based on conventional MCDM methods, fuzzy

Table 7
Comparative analysis of classical/traditional and next-generation strategic EPDM solutions.

Classical/traditional EPDM solution Next-generation EPDM solution

EPDM categories At least 1/5 category (usually C1.4) at most 2/5 categories

(usually C1.4 & C1.5)

Possibility of solving problems related to 5/5 categories in the same solution

EPDM stages At least 1/4 stage (usually S1) at most 2/4 stages (usually S1

& S3)

Possibility of solving problems related to 4/4 stages in the same solution

Uncertainty types At least 1/4 type of uncertainty (usually UT2) at most 3/4

types of uncertainty (usually UT2, UT3, & UT4)

simultaneously

Possibility of handling 4/4 types of uncertainty simultaneously

Uncertainty solutions Classical solutions such as fuzzy (linguistic) environments,

sensitivity analysis, monte carlo simulation, and grey analysis

The exploration of new fuzzy sets, assistance from domain experts (i.e., in the form of

knowledge bases) during the whole decision-making process, and combinations of

different classical uncertainty solutions

Intelligence

integration

Absent or partially integrated (few attempts) Obligatory

Intelligent

components

Old-fashioned AI techniques (e.g., ANN), classical learning

environments, BNs, forecasting and scenarios analysis

Advanced AI (e.g., deep learning) algorithms, innovative data mining techniques,

intelligent knowledge management and ESs

System access Unavailable and at best a Desktop or Web application At least 2/4 system access (preferably a Web/cloud-enabled within a mobile

application)

Method(s) used Standalone decision-making method/model An intelligent, interactive, and extensible DSS

At best a hybrid approach (combination of MCDM or

FMCDM) or a model-driven DSS

A complete hybrid (data, model, knowledge, and communications-driven) DSS

At least a single decision maker model at best a classical GDM

model (i.e., aggregation of decision makers’ preferences)

An intelligent GDM model (i.e., intelligent CRP)
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decision-making models or a combination of the two approaches (i.e.,
FMCDM). DSSs are assumed to (i) increase the decision makers’
satisfaction, (ii) enhance the decision-making process, and (iii) im-
prove the quality of communication and collaboration [171]. There are
different types of DSSs and each one has had a period of popularity in
both research and practice [172]. Over time, DSSs have been categor-
ized mainly according to the type of the approach and technology used
for decision support. The most recognized DSSs in the literature are
[171–176]:

Data-driven or data-oriented DSSs emphasize access to and manip-
ulation– of large amounts –of internal and sometimes external
(company) data. These systems infer decisions by investigating
relations or patterns in existing– historical –data, for instance, data
warehouses, reporting tools, and executive information systems
(EIS).
Model-driven DSSs use mathematical, financial, simulation, and
optimization models to enhance the decisions support. These
systems require data and parameters provided by decision makers
to aid in solving and analyzing a considered decision-making
problem. However, they are not necessarily data intensive (i.e., very
large data are not needed). Therefore, a DSS based on MCDM, fuzzy,
or MOO models is a model-driven DSS.
Communications-driven DSSs facilitate communication, collabora-
tion, and coordination in decision-making situations that require
more than one person. For instance, group DSSs (GDSSs) which
support a group of decision makers are communications-driven
DSSs.
Knowledge-driven DSSs access specialized problem-solving exper-
tise for a particular decision-making problem stored as facts, rules,
or/and procedures. Generally, the expertise consists of knowledge
originated from domain experts, their perception of the decision-
making problems, and appropriate skills for solving these problems.
The widespread ESs are knowledge-driven DSSs.

However, some DSSs might belong to more than one type. For
instance, DSSs that combine MCDM and GDM models are hybrid
(model and communications-driven) DSSs that intend to manage
complex multiple criteria group decision-making (MCGDM) problems
[16,177]. Moreover, as ICT continues to advance, research in DSSs
increases too [178]. In their work [179], Arnott and Pervan tried to
cover all the important updates in the DSSs community. They notice
the appearance of several new types of DSSs: Web-based DSSs,
intelligent DSSs (IDSSs), interactive DSSs, spatial DSSs, geographic
information systems (GISs), environmental DSS, forecasting and
predictive modeling, BI, big data integration in decision-making
processes, etc.

Therefore, this classification parameter (Method(s) used) in-
vestigates for each selected study the appropriate Type(s) of the
DSS (F1) (if exists) or/and the proposed Decision-making ap-
proach(es) (F2) (i.e., MCDM, fuzzy sets, FMCDM, GDM, stochastic
models, optimization model, recommender model, mathematical
model, hybrid approach, etc.) considered to solve the related-
EPDM problems. Moreover, adding this active parameter will
certainly facilitate obtaining insights about dominant types of
DSSs and the most utilized decision-making approaches in strate-
gic EPDM.

3. Results and in-depth analysis

The representative sample consists on 78 published scientific
papers which cover the range of applications to strategic EPDM

problems from early 2005 until September 2017 (for the analysis, 19
papers dated 2017 are already available online). A total of 21 articles
were excluded even after applying the additional selection criteria (see
Section 2.2), three of which belonging to conference proceedings (on
the exception of [180]), seven are also deleted because of the unavail-
ability of the full papers, and moreover 11 papers were additionally
eliminated due to their unsuitability for the strategic EPDM category
(DL1 from Table 1) after carefully screening their full text. As already
mentioned, this review will not address studies from the operational
decision level of EPDM (DL2 from Table 1). However, three energy
management-related articles [181–183] were considered as these
papers’ contributions match both strategical and operational decision
levels, hence, the possibility of their application in various EPDM
categories.

An increasing trend of decision-making methods, models, and
systems over time is evident supporting the results from the previous
literature reviews (see Table 2). In the following paragraphs, results
and analysis of the representative sample over the different considered
classification's parameters are presented; detailed data referred to each
paper are listed in Table 6. The suggested tabular overview permits the
reader to quickly derive relevant information about the selected papers.
Hence, insights are gathered and analyzed to provide a general view
and discussion on (i) major complexities found in classical/traditional
strategic EPDM solutions, and (ii) challenges for next-generation
EPDM solutions.

EPDM categories and stages. The selected papers cover applica-
tions in several strategic EPDM categories ranged over diverse EPDM
stages. With regards to the EPDM categories, most of the studies
analyzed in the sample (94%) refer to the C1.4-Energy evaluation and
assessment category, followed by C1.5-Site selection (32%), C1.1-
Energy planning (26%), C1.2-Energy policy (17%), and last C1.3-
Environmental impact analysis (10%). In this context, the first
category (C1.1) covers a wide range of important strategic EPDM
problematics (e.g., investments [88,189,207], sustainability assessment
of energy systems, sources, technologies and options [34,42,93], power
generation scenarios [97,205], production pathways [21,105,185], etc.)
whereas the remaining categories are more like topic-specific (i.e., site/
location, policy, environmental impacts, and strategic planning).
Furthermore, considering that strategic EPDM problems are naturally
interrelated and consecutive, it is noticed that many papers (47%)
cover more than one category (e.g., an MCDM method might be
adapted to be utilized for choosing the best RES or for selecting the
best sites for RES implementation). On the other hand, the majority of
the selected articles refers to the stages: S1-Planning and initiation
(97%) and S3-Improvements and restructuring (73%). Additionally, a
great deal of those papers refer to both stages simultaneously (68%) as
some decision-making approaches remain applicable for different
stages as pointed out by those papers’ authors (e.g., classical MCDM
methods are suitable for selecting best RES to initiate a project or to
later restructure the same project) [14,34,42,93,106]. Nevertheless, the
remaining stages S2-Control and development and S3-Benefits and
outcomes received less attention by researchers (13% and 2%, respec-
tively).

Uncertainty types and solutions. The representative sample con-
firms the necessity of uncertainty handling in strategic EPDM pro-
blems. Table 6 shows that 53 articles considered handling one (e.g.,
[34,93]) or– simultaneously –more than two (e.g., [110,197]) types of
uncertainty (see Section 2.3.2). A great deal of these articles (87%) was
devoted to deal with one of two types of uncertainty: UT2-Fuzzy
uncertainty (69%) or UT4-Unascertained uncertainty (55%). The
higher share over these two types is likely due to the subjectivity and
vagueness of stakeholders’ (policy and decision makers) judgments and
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their incapability to provide exact precise values in most strategic
EPDM problems [6]. Besides, fuzziness (UT2) and subjectiveness
(UT4). The remaining two types of uncertainty, UT1-Random uncer-
tainty (e.g., [183,214]) and UT3-Grey uncertainty (e.g., [19,88]) are
less treated by researchers in strategic EPDM (11% and 16%, respec-
tively).

Therefore, in most case studies, the uncertainties have been
handled throughout (1) fuzzy linguistic (38%) or (2) fuzzy (23%)
decision-making environments while considering other types of
preferences’ representation (e.g., intervals [199,215], intuitionistic
[111,197], or trapezoidal fuzzy numbers [41]). The remaining
articles address uncertainty (mostly in an MCDM context) by
carrying out sensitivity analysis (26%), monte carlo simulation
(5%), or scenario analysis (3%) of the criteria weighting as a way
to check the robustness of the results. Additionally, (fuzzy) cognitive
maps are apparently the most used to handle uncertainty due to
causal relationships (i.e., UT1) [202,214]. Last, Table 6 reports the
use of some other techniques (11%)– as exceptions –to handle some
particular situations of energy planning under uncertainty such as
interval linear programming [22], cloud theory [114], objective
criteria [67], datamining [181], BNs [109], factor screening method
[208], real options valuation [210], and risk-aversion optimization
[183].

Intelligence integration and components. Table 6 shows that
intelligence integration in strategic EPDM has been considered in only
10 papers (12%) all over the past 12 years. Hence, to place the focus on
this finding, the authors preferred to subdivide the representative
sample into three distinct periods: (1) 2005–2010, (2) 2011–2015, and
last (3) 2016 and onwards.

In the first 5 years period, two papers [49,104] are the exceptions.
Simão et al. [49] proposed a conceptual system framework and a
learning environment that supports public participation in colla-
borative planning. The authors described their implementation, as a
proof of concept, in a system for Web-based participatory wind
energy planning. On the other hand, Cinar and Kayakutlu [104]
described scenarios creation for energy policies using BN models.
Additionally, the authors in [104] proposed a decision model to
support researchers in forecasting and scenario analysis fields and
more importantly to help policy and decision makers to evaluate
different energy scenarios aiming the sustainability.
Also, in this period only two papers [24,189] have been identified
herein. First, Dagdougui et al. [24] proposed a DSS for the hydrogen
exploitation, focusing on some specific planning aspects, in parti-
cular, the selection of locations, with high hydrogen production,
mainly based on the use of solar and wind energy sources. Moreover,
to predict the renewable energy potential that can be assigned to
each point of a region, data have been inferred using an ANN
algorithm (e.g., to establish a forward/ reverse correspondence
between the longitude, latitude, elevation and the mean annual
renewable energy and the hydrogen mass). On the other hand, Daim
et al. [189] proposed to create and investigate clean energy invest-
ment scenarios using the BN. Thus, BN has been used in [189] to
handle the complexity of energy investments’ scenarios.
Last, this period has been the most remarkable wherein 6 papers are
identified [81,109,170,181,203,214]. Firstly, Maté et al. [181]
explored the opportunities to adopt more intelligent ways of mana-
ging existing RES. The authors [181] proposed to improve energy
consumption predictions via integrating internal data already stored
in data warehouses together with external big data. In that same
direction, Abaei et al. [109] suggested the application of BN and
influence diagram to MCDM for improvement of power generation
efficiency in renewable and sustainable energy applications.

Moreover, the proposed methodology has been applied to the
decision-making process for marine renewable energy site selection.
Ghosh et al. [203] developed an integrated decision-making method
that combines ANN and MCDM techniques to predict an index that
directly represents the suitability of locations for wave energy
generation. Greco et al. [214] suggested to integrate the open
innovation paradigm (OIP) in the energy sector to take advantage
of external knowledge. The authors [214] stated that this paradigm
will certainly help key stakeholders (e.g., utilities, vendors, labora-
tories, and universities) to improve their innovation performance.
Uniquely, Mousavi et al. [81] proposed the only approach computing
the relative importance of each energy decision maker or expert
during their participation in a GDM renewable energy policy
selection problem throughout a hesitant fuzzy modified preferences
selection index method. Finally, Mosannenzadeh et al. [170] devel-
oped an innovative learning methodology to predict barriers to
implementation of smart and sustainable urban energy projects. The
proposed methodology as pointed out by the authors is applicable
and replicable for planners and decision makers in different
territorial levels to facilitate and accelerate the implementation of
smart and sustainable energy projects.

System access. Regarding the use of advanced ICTs especially the
different available System access options (e.g., Web services, cloud
platforms, and mobile applications, etc.) to provide policy and decision
makers in the energy sector with interactive and user-friendly solu-
tions, the applicability has been moderately proven (15%). In fact, no
single decision-making method, model, or system from the selected
papers over the last two years proposed the implementation of an
effective and deliverable DSS (no matter what is the type of system
access). Moreover, only eight papers implemented a desktop applica-
tion [18,20–23,93,184,192], four papers proposed the Web as a
medium support for their contributions [28,30,49,180], and no single
study investigated the remaining technologies (i.e., cloud and mobile
applications).

Method(s) used In relation to this parameter, the following results
are obtained. The majority of studies (76%) proposes to develop a
standalone decision-making approach as problem-solving for a specific
strategic EPDM problem (e.g., [34,42]) rather than implementing the
concept of a complete DSS (17%) such as [18,184]. The remaining
studies (2%) are theoretical decision-making frameworks. Regarding
types of the selected DSSs, 13 papers (76%) are model-driven (e.g.,
[21,22]), three are data-driven [18,180,184], two are knowledge-driven
[20,170], and another two are communications-driven DSSs [49,192].

The authors noticed that: (i) GISs are widely used as supporting
tools (35%), (ii) poor adoption of Web-based DSSs (17%) regarding
recent advances in internet and Web technologies, and (ii) most of the

Fig. 2. The basic components of an intelligent and knowledge-based DSS.
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Fig. 3. The extended energy planning decision-making framework.
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DSSs (20%) in the representative sample are in the period from 2005
until 2014, whereas only one paper belongs to 2017 [170]. On the other
hand, over most dominant decision-making approaches used for
decision-making, we mark hybrid approaches (65%) in the form of
FMCDM (42%) or the combination of different classical MCDM
methods (23%). Thus, standalone MCDM approaches received less
attention (26%) especially in the last two years (only six papers from
57). The remaining studies (14%) are using other decision-making
approaches such as optimization models [183,199] and scenario-based
decision-making [104,187]. Last, GDM models are still scarce (16%)
compared to single decision maker approaches (84%) in strategic
EPDM problems.

To sum up, the results from this representative sample highlight
some new complexities and confirm major ones of existing EPDM
solutions in most cited (see Section 2.1) and most recent (see Table 2)
literature reviews on this topic. Thus, these reviews’ results are used as
evidence and support for this review's findings, as follows:

• It was evident that the number of publications dedicated to strategic
EPDM solutions has been increased the last decade (R1.AR1,
R7.AR3, R8.AR1).2 The majority considers decision-making ap-
proaches that particularly concentrate on some specific EPDM
categories (C1.4 and C1.5) or/and stages (S1 and S3).

• Plenty of researchers still employs classical/traditional decision-
making approaches in a single decision maker framework (i.e., not a
GDM approach) with a markedly high share in the fields of MCDM
and fuzzy sets that have been extensively used since the late 1980ss
(R1.AR2, R6.AR1, R7.AR1, R8.AR3, R9.AR1). Moreover, the domi-
nant trend in the last decade is the combination of different
decision-making methods, since, hybrid MCDM and FMCDM were
ranked as the first methods in the literature in use (R1.AR4,
R4.AR1, R5.AR1, R6. AR3, R9.AR5).

• Some researchers tried to investigate the use of new fuzzy sets
within the MCDM context in order to face typical uncertainty
situations (UT2 and UT4) encountered in real-life decision-making
problems (R5.AR4). Regarding this, the particular shift towards
analyzing strategic EPDM problems in fuzzy linguistic environments
has been strongly noticed (R1.AR5). The remaining two types of
uncertainty (UT1 and UT3), are less treated by researchers in this
field.

• Apparently, ISs, in general, and DSSs, in particular, received less
attention in strategic EPDM, especially in the last two years. The
majority of the proposed approaches are mainly decision-making
methods or models (i.e., not complete DSSs). Except for some few
attempts to explore potentials of the model and data-driven DSSs, a
clear absence of the remaining types has been noticed (i.e., knowl-
edge and communications-driven).

• The transition towards RES has affected concerned researchers in
this field (especially from 2016 and onwards). Nowadays, research-
ers attempt to figure out intelligent and innovative decision-making
approaches in order to support optimization of the technologies
involved in the renewable energy market and achieve a better
efficiency and costs reduction. For instance, some researchers
recently investigated the usefulness and potential applications of
unusual approaches in renewable and sustainable energy planning
such as BNs, ANNs, and ML algorithms (R2. AR1, R2. AR2, R2.
AR3, R3. AR2). Although, efforts towards the integration of new
intelligent components in strategic energy planning are still scarce.

• Last, a few attempts over the last decade were identified to be
partially like interactive and user-friendly EPDM solutions hence

adequately supporting policy and decision makers in the energy
sector. In fact, no single decision-making method, model, or system
from the selected papers over the last two years proposed to
implement a complete deliverable tool (no matter what is the type
of system access). Furthermore, no single study investigated more
recent technologies such as mobile and cloud-enabled applications.

Identification of “quality indexes” The major complexities, weak-
nesses, and limitations of currently available strategic EPDM solutions
identified during the review in addition to most important elements to
be considered as “quality indexes” of next-generation solutions are
given in Table 7. Additionally, outlined challenges for next-generation
EPDM solutions from most recent (see Table 2) literature reviews are
used as evidence and support for this paper's statements as follows:

Classical/traditional strategic EPDM solutions in the best scenario
(i) cover two EPDM categories and stages and at most handle three
types of uncertainties using classical treatments; (ii) give less attention
to intelligence integration in decision-making processes and at best use
old-fashioned AI techniques or classical ML algorithms; (iii) neglect
recent advances in modern system access technologies, refer to
standalone/hybrid decision-making methods/models, and in best cases
implement a model-driven DSS; and last (iv) manage the complex
nature of real-life EPDM problems (R6.AC5, R6.AC6, R7.AC1)3– due
to the presence of interrelated perspectives, conflicting objectives, and
(a large number of) involved stakeholders with different aims and
preferences [15,16] –using classical GDM models.4 In this sense, the
planners and decision makers (often) are not fully aware of the range of
factors involved, the implications of the other participants, and more
importantly the hidden sensitive details that require deeper investiga-
tions and might completely change and affect the final decisions made
once omitted (R9.AC2). It is sometimes not until after generating a
proposed action that unforeseen consequences become perceptible or
evident and that a reconsideration of the whole decision-making
process that generated this decision becomes necessary [49].
Importantly, these solutions usually provide final decisions or recom-
mended actions without deeply examining the relationship between
these and the existing decision parameters (participants, alternatives,
and criteria), and without providing comprehensive explanations for
results (R4.AC2, R5.AC1, R6.AC3, R9.AC1). Therefore, they are not
“intelligent” enough to: (i) identify and analyze the relationships
between initial inputs, participants profiles, and obtained outputs, (ii)
provide logical interpretations and rational assumptions from the
outputs, and (iii) extract additional knowledge from the decision-
making process (R7.AC4). These solutions are, by contrast, completely
data-driven (i.e. sufficiently sample data are required to estimate the
final decisions) [48].

Alternatively, next-generation strategic EPDM solutions need to
offer planners and decision makers the right tools to cover all existing
EPDM categories and stages (R6.AC4). These tools must be intelligent,
interactive, and extensible5 hybrid DSSs with at least Web and mobile
applications’ capabilities (R1.AC4, R1.AC5, R4.AC3, R4.AC4, R6.AC2,
R7.AC2, R7.AC5,R8.AC3). Firstly, intelligence is a crucial decision
support aspect that must be enabled considering advances in AI/ML
algorithms, intelligent knowledge management and ESs, and innova-
tive data mining techniques [217]. Furthermore, such DSSs need to

2 For instance, R1.AR1 refers to Review 1 [1] and Authors’ result 1 from Table 2.

3 For instance, R6.AC5 refers to Review 6 [54] and Authors’ conclusion 5 from Table 2.
4 Regardless of the approach considered, the traditional selection process for reaching

a solution to GDM problems is made up by two phases: (i) an aggregation phase, in which
preferences of experts are combined by using an aggregation operator, and (ii) an
exploitation phase, where a selection criterion is applied to obtain an alternative or
subset of them as the solution for the problem [216].

5 The DSS must be designed to be flexible so it could be reconfigured to support a
broad selection of categories, stages, and decision makers, involved in EPDM.
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treat all possible encountered uncertainties during strategic EPDM
problems including fuzziness, subjectiveness, vagueness, causal factors,
unclear, missing, and unavailable information. Hence, they should
intelligently reason over the unknown, incomplete, and conflicting
information from decision makers [81,218]. In this sense, automatized
assistance from domain experts in the form of knowledge bases [219]
(during the complete decision-making process), combinations of
different classical uncertainty solutions, and exploration of new fuzzy
sets [220–222] might be of great use for interested researchers
(R1.AC4, R1.AC5, R5.AC2, R5.AC3, R5.AC4, R5. AC5, R6.AC7).
Moreover, future solutions need to consider advances in GDM and
consensus reaching process (CRP)6 [224–227] (R9.AC3). Thus, these
solutions need to (i) identify and analyze the relationships between
initial inputs, participants profiles, and obtained outputs, (ii) provide
rational assumptions and logical interpretations of the outputs
(R8.AC6), and (iii) extract additional knowledge from the undertaking
decision-making process [169].

Considering all the above “quality indexes” and examining the results
of the review, only nine papers [49,109,167,170,181,192,203,206,215]
were deemed appropriate (where the authors differently addressed some
EPDM problems that have been classically or not solved at all by the
community), despite one of them are more energy management oriented
solution [181] and none of them exactly satisfies all (or at least 50%) the
above requirements.

Firstly, in only two of these articles the authors proposed a DSS
[49,170], one is a computerized tool [192], instead the rest is standalone
decision-making approaches or theoretical decision-making frameworks
[109,167,181,203,206,215]. Besides, in Simão et al. [49] even if a hybrid
Web-based multiple criteria DSS (interactive, data, model, communica-
tions, and knowledge-driven) is proposed– to support public participa-
tion in distributed collaborative planning using a learning environment
–the authors covered only two strategic EPDM categories (at best C1.4
and C1.5) and two stages (at best S1 and S3), nor considered
components to deal with encountered uncertainty situations in such
complex participatory decision-making problems. In contrast, even if the
authors from [170] stated that their DSS can be extended to other EPDM
topics (categories and stages), in its current form, the proposed solution
is still far away from satisfying the minimum requirements in next-
generation EPDM solutions (e.g., no system access or uncertainty
handling). Same to be noticed about [192] where an interactive
computer tool (Desktop application) is proposed to help non-experts
make informed decisions about the challenges faced in achieving a low-
carbon energy future.

Hence, the most innovative standalone decision-making approaches
can be ascribed to the following papers [109,167,181,203,206,215]:
Öztayşi and Kahraman [167] proposed one of the first attempt that
investigated the use of different and recent fuzzy sets (interval type-2
and hesitant fuzzy sets) in a strategic EPDM problem (C1.4); Abaei et al.
[109] and Ghosh et al. [203] proposed one of the most innovative
decision-making approaches to solve site selection problems (C1.5),
using BN and influence diagram, and ANNs, respectively; Maté et al.
[181] proposed advanced data analytics tools (energy consumption
behaviors using data mining and big data), predictive AI models
(ANNs), and an innovative knowledge management using an informa-
tion extraction system (even if it is not 100% strategic EPDM oriented
study); whereas, Gitinavard et al. [215] is the only attempt to handle
partially and completely unknown criteria weights information while
combining multiple classical uncertainty solutions (fuzzy environment

and sensitivity analysis). However, each of them presents some limita-
tions: while the first four [109,167,181,203] present apparently single
decision maker models with limited capabilities to handle all types of
uncertainty, the remaining paper [215] presents a classical GDM model
where an aggregation approach is applied to combine the preferences of
different decision makers resulting information loss and distortion
(caused by unifying heterogeneous information) [227].

4. Towards next-generation strategic EPDM solutions: an

extended expert-based framework for intelligent decision

support

This section focuses on the development of a theoretical framework
towards effectively activating next-generation EPDM solutions for
enhanced, sustainability-oriented energy planning. The proposed fra-
mework is an original result coming from the “quality indexes”
identified through the review process (see Section 3).

In order to guarantee practicality of a next-generation strategic
EPDM solution, the later should be capable of responding to the fast
trends and changes in renewable and sustainable energy market/
technologies whilst resolving the complex strategic energy planning
problems as identified in this review. In this sense, even though the use
of a next-generation strategic EPDM solution will be straightforward
for most of the potential stakeholders (due to the potential adoption of
user-friendly solutions), its use for real-life EPDM situations is
challenging and needs further discussion. Moreover, it is hard enough
to state that a single DSS may resolve all the complexities and
challenges discussed during this review and might cover all strategic
EPDM categories and stages. This sounds reasonable if– only –a
progressive and agile approach7 [229,230] is considered to develop
the DSS, resulting in an integrated and extensible strategic EPDM
solution using modules and sub-modules (each with a specific use)
[231]. In this regard, a theoretical framework is developed to support
researchers towards adopting next-generation EPDM solutions by
extending the basic structure of an intelligent and knowledge-based
DSS to incorporate the “quality indexes” identified through the review
process.

The basic building blocks of a typical DSS were first proposed in
[173] as follows:

• The database management system (DBMS) includes all mechan-
isms that ensure coherence of the needed information and the
required data to execute the analysis of the problem at hand.

• The model base management system (MBMS) is responsible for the
treatment of the model base8 including its storage, retrieval, update,
and adjustment.

• The dialogue generation management system (DGMS) is specifi-
cally designed to manage communications between the end-users
and the developed DSS.

By integrating an additional fourth component, the knowledge base
management system (KBMS) with AI and ES techniques as shown in
Fig. 2, an intelligent and knowledge-based DSS (commonly known as
IDSS) can be created to support decision-making with expert-level
qualities [174–176]. Basically, these systems incorporate an ES that
receives inputs from the DGMS and DBMS, evaluates them, and

6 In any decision process, it is preferable that the decision makers reach a high degree
of consensus on the solution set of alternatives. Thus, the CRP is a dynamic and iterative
process for improving and maximizing the degree of consensus or agreement between the
set of decision makers on the solution alternatives in GDM [16,223].

7 Agile software development advocates adaptive planning, evolutionary development,
early delivery, and continuous improvement, and it encourages rapid and flexible
response to change [228].

8 The model base is a collection of decision analysis models, used to support the
decision-making process.
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provides recommendations to users via the DGMS [232]. Therefore,
IDSSs are results of combining basic function models of typical DSSs
with the knowledge reasoning techniques of AI to generate knowledge
for decision-making support, guide users through some of the decision-
making phases, supply new capabilities, offer advice on specific
problems tasks, and explain conclusions and recommendations
[173–176].

Apparently, incorporating knowledge bases and AI techniques in
decision-making processes had different benefits. However, with the
exception of some few attempts [20,170], IDSSs received less attention
in strategic EPDM even if these systems are dated for more than three
decades. Moreover, the incorporation of knowledge bases with classical
AI techniques deemed insufficient to cover all the identified “quality
indexes” as identified in this literature review. Hence, there is an
emergent need for an extensible and complete solution that will
potentially cover all categories and stages of strategic EPDM (as
explained in Section 3). This paper's authors extended the basic
structure of an IDSS and alternatively proposed important features
and additions to be considered for next-generation EPDM solutions as
shown in Fig. 3. The objective of this study is to (i) provide the
guidelines, suggestions, and necessary components to be largely
considered in next-generation strategic EPDM solutions, (ii) enhance
the understanding of real-life differences between classical/traditional
and next-generation solutions, hence, (iii) demonstrate the proof of
concept for the proposed extended framework. So, practitioners and
interested researchers in this area of research need to fulfill the
following requirements in their future implementations (depending
on the final systems’ objectives) to be referred as next-generation
EPDM solutions:

R1. The DGMS must enable communication, discussion, and partici-
pation of 1–N energy planners and decision makers (governments,
investors, regulators, consumers, interest groups, etc.) (with
N ≥ 1). Moreover, the DGMS should provide interactive, rapid,
ubiquitous access for the involved decision makers to the strategic
EPDM solution and its features via at least two options9: Web or
cloud-enabled platform and a mobile application, which means
that standalone solutions are no longer suitable in this framework
[231]. Moreover, when considering a GDM context, mobile appli-
cations will certainly facilitate the mobilization of knowledge,
giving the users the possibility to get support through their mobile
devices regardless of the time and location [233];

R2. Regarding the (possible) distributed nature of the participants in
strategic EPDM, their heterogeneity, and the ubiquity constraint
imposed in this framework, the DBMS must store both users’ and
applications’ preferences and data. On the one hand, the
Applications’ data refer to past and undergoing decision-making
processes’ information and– inputs/outputs –decision parameters
(e.g., alternatives, criteria, participants, results, etc.) that concern
effective or potential sustainable and renewable energy projects
(including important information such as investments, partners,
objectives, past and current situation of the project, etc.), policies,
scenarios, and so on. In addition, information related to the
different available system access options (e.g., look and feel,
customization settings, etc.) are also stored. On the other hand,
the Users’ data concern decision makers’ participations, prefer-
ences, feedbacks, in addition to their personal data (profile). The
two proposed components will certainly ensure the extensibility
and re-usability feature in strategic EPDM solutions via facilitating

technologies’ migration and updates, and more importantly en-
abling the possibility of investigating (unlimited number of) future
EPDM categories, stages, and problems. Additionally, the DBMS
must include illustrative examples of executions and simulations of
the integrated decision-making approaches to assist newly users to
get familiarized with the proposed solution. This might be of great
use for academicians too in order to compare results– based on the
illustrative examples –obtained from different decision-making
approaches [56].

R3. The MBMS must incorporate (at least) an exhaustive decision-
making model (or a set of models to enable the parallel application
of different approaches and to understand the robustness of
findings in the different decision-making models [52]) capable of:
1. Dealing with both single (N=1) and GDM (otherwise) situations.

In a case where N ≥ 2 it is mandatory that the proposed GDM
model incorporates an intelligent CRP to guarantee highly
accepted collective decisions. Firstly, a bespoke feedback me-
chanism is necessary to help in achieving the consensus [16].
Moreover, the CRP must take into consideration the hetero-
geneity concern in (large) GDM problems hence inadequate
participants’ profiles (in term of reliability and confidence), and
knowledge levels differences. Thus, the considered decision-
making model must deal with these real-life complexities which
is not the case in existing classical/traditional strategic (GDM)
EPDM solutions as identified during this review. Last, in a case
where different decision-making models are considered, the
development of linkages between these models is mandatory
(to ensure the possibility of using two or more distinct models as
a hybrid approach) [52].

2. Handling all possible encountered uncertainties during strategic
EPDM problems including fuzziness, subjectiveness, vagueness,
causal factors, unclear, missing, and unavailable information.
Additionally, the proposed model must intelligently reason over
the unknown, incomplete, and conflicting information from
decision makers [81,218]. Thus, the model must incorporate
different uncertainty solutions simultaneously or/and explore
the applications of more recent and efficient ways to handle the
different types of uncertainty (see Section 2.3.2). Moreover, the
authors propose an automatized assistance from domain experts
in the form of knowledge bases [219] to support decision makers
during the complete decision-making process (see R4).

R4. In the extended framework (Fig. 3), the authors suggest the use of
the KBMS as intelligent, expert-based assistance for the decision-
making participants Before, During and After making strategic
decisions [169]. Apparently, this is not the case within existing ESs
that generally used entirely During the decision-making process
(i.e., in regular scenarios the inference engine applies the rules in
the knowledge base to the known facts to deduce new facts) [174–
176]. In real-life strategic EPDM problems, planners often are not
fully aware of the (i) range of factors involved, (ii) implications of
the other participants, and more importantly (iii) hidden aspects
that require deeper investigations and might completely change
and affect the final decisions made [169,170]. It is sometimes not
until after generating a proposed action that unforeseen conse-
quences become perceptible or evident and that a reconsideration
of the whole decision-making process that generated this decision
becomes necessary [49]. For instance, let us consider a real-life
scenario of initiating a renewable and sustainable energy project
for power generation, where the involved energy planners (or
decision makers) must consider the numerous ecological, socio-
economical, and political energy related-constraints Before,
During, and After answering the (i) how (the best policy/strategy9 It is preferred to combine a Web or cloud-enabled solution within a mobile

application to give more accessibility and mobility to the different involved stakeholders.
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to consider to attain the target objectives), (ii) where (the project's
location), and (iii) what (the most suitable renewable energy
technologies) strategic questions. There might happen that: the
planners already decided on the site location of the project without
considering an important, deeper, and usually hidden concern such
as “social acceptance” of the project in that location; or sometimes,
due to their limited knowledge, the planners are often incapable of
providing precise assessment values when evaluating the renew-
able energy technologies’ efficiency or environmental impacts.
Thus, the planners need domain-experts assistance (consultation,
support, and validation) [169] before problem identification phase
and even more importantly after problem-solving phase. To the
authors’ knowledge, as it was confirmed in this review, and based
on the results and conclusions from most cited and recent
literature reviews in strategic EPDM, the described intelligent,
expert-based (computerized) assistance has not been proposed in
existing classical/traditional strategic EPDM solutions.

R5. Last, it is important to ensure that the four components (DGMS,
DBMS, MBMS, and KBMS) are all:
1. Adequately manageable, flexible, and more importantly exten-

sible (e.g., using the strategy of modules and sub-modules)
assuring the later modifications and additions in next-genera-
tion EPDM solutions to enable future inclusions of other EPDM
categories and stages, or widespread EPDM problems (e.g., from
local to national or from national to regional energy planning
problems, etc.) [54];

2. Adequately having fair (depending on the decision-making
process's priorities) and instant access to all usable resources
(database, model base, knowledge base, etc.);

3. Adequately able to interact, collaborate, and more importantly
exchange those resources’ inputs and outputs. For instance, in
R3, the MBMS and KBMS need to share (a) input model(s) data
from decision makers (e.g., decision makers’ evaluations of the
set of alternatives) and (b) output knowledge base(s) data from
experts (e.g., in the form of fuzzy [234] or belief [48], rule bases
[159]) in order to collaborate/communicate to effectively solve
the heterogeneity concern in (large) GDM problems (e.g., via
applying consistency check to (a) using (b) [235–237]) as
explained earlier.

Finally, the proposed framework is exhaustively capable of solving
strategic EPDM problems related to different categories or/and stages,
if– only –a progressive and agile approach (as already pointed)
[229,230] is considered to develop future strategic EPDM solutions
[231]. Thus, the authors annotated the proposed theoretical framework
(Fig. 3) to facilitate its reading and adoption alongside with possible
interconnections between the different components, and some litera-
ture techniques (E1, E2, E3, E4, and E5) that might facilitate satisfying
the above-mentioned requirements.

5. Conclusions

The present study constitutes a representative sample of the papers
related to the examined research field. A total number of 78 published
articles– from 2005 and onwards where 19 papers dated 2017 –was
considered. 17 peer-reviewed (renewable) energy and computer
science journals discuss and highlight limitations and complexities of

existing strategic EPDM solution. This review presents interesting
results that can be useful for researchers in decision science and
renewable and sustainable energy planning. The analysis was based on
a classification specially developed by holistically harmonizing impor-
tant domain parameters (EPDM categor(y/ies), EPDM stage(s),
Uncertainty handling, Intelligence, System access, and Used
Method(s)) to facilitate investigating the selected solutions’ strengths,
weaknesses, and more importantly their suitability to handle different
aspects in strategic EPDM.

Not surprisingly the number of publications related to strategic
EPDM have been significantly increased the last decade. The transition
towards RES has affected interested researchers, who try to take
benefits from the available knowledge in decision-making to improve
the strategic EPDM processes. However, this literature review has
shown that existing strategic EPDM solutions are classical/traditional.
In the best scenario, they: (i) cover two EPDM categories and stages
and at most handle three types of uncertainties using classical
treatments, (ii) give less attention to intelligence integration in
decision-making processes and at best use old-fashioned AI techniques
or classical ML algorithms, (iii) neglect recent advances in modern
system access technologies, refer to standalone/hybrid decision-mak-
ing methods/models, and in best cases implement a model-driven DSS,
and finally (iv) manage the complex nature of real-life EPDM problems
using classical GDM models. Consequently, the planners and decision
makers (often) are not fully aware of the range of factors involved, the
implications of the other participants, and more importantly the
hidden sensitive details that require deeper investigations and might
completely change and affect the final decisions once omitted.
Therefore, they are not “intelligent” enough to handle the complexity
nature of strategic EPDM problems.

Alternatively, the authors identified a set of “quality indexes” as
challenges for next-generation strategic EPDM solutions to offer
planners and decision makers the right tools to cover all existing
EPDM categories and stages. These tools must be intelligent,
interactive, and extensible. Furthermore, such solutions must han-
dle possible uncertainties present during strategic EPDM problems
including fuzziness, subjectiveness, vagueness, causal factors, un-
clear, missing, and unavailable information. Hence, they should
intelligently reason over the unknown, incomplete, and conflicting
information from decision makers. Moreover, future solutions need
to consider advances in GDM and CRP [224–227]. Thus, these
solutions need to (i) identify and analyze the relationships between
initial inputs, participants profiles, and obtained outputs, (ii)
provide rational assumptions and logical interpretations of the
outputs, and (iii) extract additional knowledge from the undertaking
decision-making process.

As an original result coming from the “quality indexes” identified
through the review process, an intelligent and expert-based framework
for next-generation EPDM solutions is developed for enhanced renew-
able and sustainable energy planning. The proposed framework is a
brainstorming attempt to orient the EPDM research community to get
fully involved towards activating this paper's future vision of more
interactive and intelligent next-generation strategic EPDM solutions as
it is the case within other disciplines such as (intelligent sustainable)
manufacturing and Industry 4.0 [238,239], (green) supply chain
management [240,241], and more significantly in (participative and
intelligent) healthcare and medical decision support [242,243]. Thus,
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all involved energy planning stakeholders’ are expected to express their
feedbacks, agreements/disagreements, and more importantly their
concerns for enhanced, sustainability-oriented strategic EPDM.

References

[1] Strantzali E, Aravossis K. Decision making in renewable energy investments: a
review. Renew Sustain Energy Rev 2016;55:885–98. http://dx.doi.org/10.1016/
j.rser.2015.11.021.

[2] Martín-Gamboa M, Iribarren D, García-Gusano D, Dufour J. A review of life-cycle
approaches coupled with data envelopment analysis within multi-criteria decision
analysis for sustainability assessment of energy systems. J Clean Prod
2017;150:164–74. http://dx.doi.org/10.1016/j.jclepro.2017.03.017.

[3] Cuce E, Harjunowibowo D, Cuce PM. Renewable and sustainable energy saving
strategies for greenhouse systems: a comprehensive review. Renew Sustain Energy
Rev 2016;64:34–59.

[4] Oberti P, Muselli M, Haurant P. Photovoltaic plants selection on an insular grid
using multicriteria outranking tools: application in Corsica Island (France). In:
Assessment and simulation tools for sustainable energy systems. Springer Nature;
2013. p. 27–54. 〈http://dx.doi.org/10.1007/978-1-4471-5143-2_2〉.

[5] Baños R, Manzano-Agugliaro F, Montoya F, Gil C, Alcayde A, Gómez J.
Optimization methods applied to renewable and sustainable energy: a review.
Renew Sustain Energy Rev 2011;15(4):1753–66. http://dx.doi.org/10.1016/
j.rser.2010.12.008.

[6] Antunes CH, Henriques CO. Multi-objective optimization and multi-criteria
analysis models and methods for problems in the energy sector. In: Multiple
criteria decision analysis, Springer Nature; 2016. p. 1067–165. 〈http://dx.doi.org/
10.1007/978-1-4939-3094-4_25〉.

[7] Cai YP, Huang GH, Yeh SC, Liu L, Li GC. A modeling approach for investigating
climate change impacts on renewable energy utilization. Int J Energy Res
2011;36(6):764–77. http://dx.doi.org/10.1002/er.1831.

[8] Naz MN, Mushtaq MI, Naeem M, Iqbal M, Altaf MW, Haneef M. Multicriteria
decision making for resource management in renewable energy assisted micro-
grids. Renew Sustain Energy Rev 2017;71:323–41. http://dx.doi.org/10.1016/
j.rser.2016.12.059.

[9] Zhou P, Ang B, Poh K. Decision analysis in energy and environmental modeling:
an update. Energy 2006;31(14):2604–22. http://dx.doi.org/10.1016/j.en-
ergy.2005.10.023.

[10] Pohekar S, Ramachandran M. Application of multi-criteria decision making to
sustainable energy planning-a review. Renew Sustain Energy Rev
2004;8(4):365–81. http://dx.doi.org/10.1016/j.rser.2003.12.007.

[11] Løken E. Use of multicriteria decision analysis methods for energy planning
problems. Renew Sustain Energy Rev 2007;11(7):1584–95. http://dx.doi.org/
10.1016/j.rser.2005.11.005.

[12] Sellak H, Ouhbi B, Frikh B. Energy planning decision-making under uncertainty
based on the evidential reasoning approach. In: Highlights of practical applica-
tions of scalable multi-agent systems. The PAAMS Collection, Springer Nature;
2016. p. 236–49. 〈http://dx.doi.org/10.1007/978-3-319-39387-2_20〉.

[13] Balin A, Baraçli H. A fuzzy multi-criteria decision making methodology based
upon the interval type-2 fuzzy sets for evaluating renewable energy alternatives in
Turkey. Technol Econ Dev Econ 2015:1–22. http://dx.doi.org/10.3846/
20294913.2015.1056276.

[14] Choudhary D, Shankar R. An STEEP-fuzzy AHP- TOPSIS framework for evalua-
tion and selection of thermal power plant location: a case study from India. Energy
2012;42(1):510–21. http://dx.doi.org/10.1016/j.energy.2012.03.010.

[15] Öztayşi B, UğurluS, Kahraman C. Assessment of green energy alternatives using
fuzzy ANP. In: Assessment and simulation tools for sustainable energy systems.
Springer Nature; 2013. p. 55–77. 〈http://dx.doi.org/10.1007/978-1-4471-5143-
2_3〉.

[16] Palomares I, Estrella FJ, Martínez L, Herrera F. Consensus under a fuzzy context:
taxonomy, analysis framework AFRYCA and experimental case of study. Inf
Fusion 2014;20:252–71. http://dx.doi.org/10.1016/j.inffus.2014.03.002.

[17] David A, Rongda Z. An expert system with fuzzy sets for optimal planning (of
power system expansion). IEEE Trans Power Syst 1991;6(1):59–65. http://
dx.doi.org/10.1109/59.131092.

[18] Ramachandra TV, Krishna SV, Shruthi BV. Decision support system to assess
regional biomass energy potential. Int J Green Energy 2005;1(4):407–28. http://
dx.doi.org/10.1081/ge-200038704.

[19] Yue C-D, Yang GG-L. Decision support system for exploiting local renewable
energy sources: a case study of the Chigu area of southwestern Taiwan. Energy
Policy 2007;35(1):383–94. http://dx.doi.org/10.1016/j.enpol.2005.11.035.

[20] Patlitzianas KD, Pappa A, Psarras J. An information decision support system
towards the formulation of a modern energy companies' environment. Renew
Sustain Energy Rev 2008;12(3):790–806. http://dx.doi.org/10.1016/
j.rser.2006.10.014.

[21] Frombo F, Minciardi R, Robba M, Sacile R. A decision support system for planning
biomass-based energy production. Energy 2009;34(3):362–9. http://dx.doi.org/

10.1016/j.energy.2008.10.012.
[22] Cai Y, Huang G, Lin Q, Nie X, Tan Q. An optimization-model-based interactive

decision support system for regional energy management systems planning under
uncertainty. Expert Syst Appl 2009;36(2):3470–82. http://dx.doi.org/10.1016/
j.eswa.2008.02.036.

[23] Lin Q, Huang G, Bass B, Nie X, Zhang X, Qin X. EMDSS: an optimization-based
decision support system for energy systems management under changing climate
conditions - an application to the Toronto-Niagara Region, Canada. Expert Syst
Appl 2010;37(7):5040–51. http://dx.doi.org/10.1016/j.eswa.2009.12.007.

[24] Dagdougui H, Ouammi A, Sacile R. A regional decision support system for onsite
renewable hydrogen production from solar and wind energy sources. Int J Hydrog
Energy 2011;36(22):14324–34. http://dx.doi.org/10.1016/j.ijhy-
dene.2011.08.050.

[25] Perimenis A, Walimwipi H, Zinoviev S, MÃller-Langer F, Miertus S. Development
of a decision support tool for the assessment of biofuels. Energy Policy
2011;39(3):1782–93. http://dx.doi.org/10.1016/j.enpol.2011.01.011.

[26] Ouammi A, Ghigliotti V, Robba M, Mimet A, Sacile R. A decision support system
for the optimal exploitation of wind energy on regional scale. Renew Energy
2012;37(1):299–309. http://dx.doi.org/10.1016/j.renene.2011.06.027.

[27] Tan X, Shan B, Hu Z, Wu S. Study on demand side management decision
supporting system, in: Proceedings of the 3rd international conference on
computer science and automation engineering, IEEE; 2012. p. 111–4. 〈http://dx.
doi.org/10.1109/icsess.2012.6269417〉.

[28] Šliogerienė J, Kaklauskas A, Štreimikienė D, Bianchi M. Multiple criteria decision
support system for the assessment of energy generation technologies considering
the dimension of values. Int J Strateg Prop Manag 2012;16(4):370–91. http://
dx.doi.org/10.3846/1648715x.2012.722132.

[29] Piltan M, Mehmanchi E, Ghaderi S. Proposing a decision-making model using
analytical hierarchy process and fuzzy expert system for prioritizing industries in
installation of combined heat and power systems. Expert Syst Appl
2012;39(1):1124–33. http://dx.doi.org/10.1016/j.eswa.2011.07.112.

[30] Kyriakarakos G, Patlitzianas K, Damasiotis M, Papastefanakis D. A fuzzy cognitive
maps decision support system for renewables local planning. Renew Sustain
Energy Rev 2014;39:209–22. http://dx.doi.org/10.1016/j.rser.2014.07.009.

[31] Mattiussi A, Rosano M, Simeoni P. A decision support system for sustainable
energy supply combining multi-objective and multi-attribute analysis: an
Australian case study. Decis Support Syst 2014;57:150–9. http://dx.doi.org/
10.1016/j.dss.2013.08.013.

[32] Cassettari L, Bendato I, Mosca M, Mosca R. Energy Resources Intelligent
Management using on line real-time simulation: a decision support tool for
sustainable manufacturing. Appl Energy 2017;190:841–51. http://dx.doi.org/
10.1016/j.apenergy.2017.01.009.

[33] Afgan NH, Carvalho MG, Pilavachi PA, Martins N. Evaluation of natural gas
supply options for Southeast and Central Europe: part 2. Multi-criteria assess-
ment. Energy Convers Manag 2008;49(8):2345–53. http://dx.doi.org/10.1016/
j.enconman.2008.01.024.

[34] Kaya T, Kahraman C. Multicriteria renewable energy planning using an integrated
fuzzy VIKOR & AHP methodology: the case of Istanbul. Energy
2010;35(6):2517–27. http://dx.doi.org/10.1016/j.energy.2010.02.051.

[35] Kabak Ö, CinarD, Hoge GY. A cumulative belief degree approach for prioritization
of energy sources: case of Turkey. In: Assessment and simulation tools for
sustainable energy systems. Springer Nature; 2013. p. 129–51. 〈http://dx.doi.org/
10.1007/978-1-4471-5143-2_7〉.

[36] Zadeh L. Fuzzy sets. Inf Control 1965;8(3):338–53. http://dx.doi.org/10.1016/
s0019-9958(65)90241-x.

[37] Güngör Z, Arikan F. A fuzzy outranking method in energy policy planning. Fuzzy
Sets Syst 2000;114(1):115–22. http://dx.doi.org/10.1016/s0165-0114(98)
00144-4.

[38] Grigoroudis E, Kouikoglou VS, Phillis YA. A fuzzy paradigm for the sustainability
evaluation of energy systems. In: Assessment and simulation tools for sustainable
energy systems. Springer Nature; 2013. p. 205–24. 〈http://dx.doi.org/10.1007/
978-1-4471-5143-2_10http://dx.doi.org/10.1007/978-1-4471-5143-2_
10http://dx.doi.org/10.1007/978-1-4471-5143-2_10http://dx.doi.org/10.1007/
978-1-4471-5143-2_10〉.

[39] Suganthi L, Iniyan S, Samuel AA. Applications of fuzzy logic in renewable energy
systems - a review. Renew Sustain Energy Rev 2015;48:585–607. http://
dx.doi.org/10.1016/j.rser.2015.04.037.

[40] Sharma D, Vaish R, Azad S. Selection of India's energy resources: a fuzzy decision
making approach. Energy Syst 2015;6(3):439–53. http://dx.doi.org/10.1007/
s12667-015-0149-5.

[41] Khandekar AV, Antuchevičienė J, Chakraborty S. Small hydro-power plant project
selection using fuzzy axiomatic design principles. Technol Econ Dev Econ
2015;21(5):756–72. http://dx.doi.org/10.3846/20294913.2015.1056282.

[42] Kaya T, Kahraman C. Multicriteria decision making in energy planning using a
modified fuzzy TOPSIS methodology. Expert Syst Appl 2011;38(6):6577–85.
http://dx.doi.org/10.1016/j.eswa.2010.11.081.

[43] Boran FE, Boran K, Dizdar E, Fuzzy Multi A. Criteria decision making to evaluate
energy policy based on an information axiom: a case study in Turkey. Energy
Sources Part B: Econ Plan Policy 2012;7(3):230–40. http://dx.doi.org/10.1080/
15567240902839294.

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1572

http://dx.doi.org/10.1016/j.rser.2015.11.021
http://dx.doi.org/10.1016/j.rser.2015.11.021
http://dx.doi.org/10.1016/j.jclepro.2017.03.017
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref3
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref3
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref3
http://dx.doi.org/10.1007/978-1-4471-5143-2_2
http://dx.doi.org/10.1016/j.rser.2010.12.008
http://dx.doi.org/10.1016/j.rser.2010.12.008
http://dx.doi.org/10.1007/978-1-4939-3094-4_25
http://dx.doi.org/10.1007/978-1-4939-3094-4_25
http://dx.doi.org/10.1002/er.1831
http://dx.doi.org/10.1016/j.rser.2016.12.059
http://dx.doi.org/10.1016/j.rser.2016.12.059
http://dx.doi.org/10.1016/j.energy.2005.10.023
http://dx.doi.org/10.1016/j.energy.2005.10.023
http://dx.doi.org/10.1016/j.rser.2003.12.007
http://dx.doi.org/10.1016/j.rser.2005.11.005
http://dx.doi.org/10.1016/j.rser.2005.11.005
http://dx.doi.org/10.1007/978-3-319-39387-2_20
http://dx.doi.org/10.3846/20294913.2015.1056276
http://dx.doi.org/10.3846/20294913.2015.1056276
http://dx.doi.org/10.1016/j.energy.2012.03.010
http://dx.doi.org/10.1007/978-1-4471-5143-2_3
http://dx.doi.org/10.1007/978-1-4471-5143-2_3
http://dx.doi.org/10.1016/j.inffus.2014.03.002
http://dx.doi.org/10.1109/59.131092
http://dx.doi.org/10.1109/59.131092
http://dx.doi.org/10.1081/ge-200038704
http://dx.doi.org/10.1081/ge-200038704
http://dx.doi.org/10.1016/j.enpol.2005.11.035
http://dx.doi.org/10.1016/j.rser.2006.10.014
http://dx.doi.org/10.1016/j.rser.2006.10.014
http://dx.doi.org/10.1016/j.energy.2008.10.012
http://dx.doi.org/10.1016/j.energy.2008.10.012
http://dx.doi.org/10.1016/j.eswa.2008.02.036
http://dx.doi.org/10.1016/j.eswa.2008.02.036
http://dx.doi.org/10.1016/j.eswa.2009.12.007
http://dx.doi.org/10.1016/j.ijhydene.2011.08.050
http://dx.doi.org/10.1016/j.ijhydene.2011.08.050
http://dx.doi.org/10.1016/j.enpol.2011.01.011
http://dx.doi.org/10.1016/j.renene.2011.06.027
http://dx.doi.org/10.1109/icsess.2012.6269417
http://dx.doi.org/10.1109/icsess.2012.6269417
http://dx.doi.org/10.3846/1648715x.2012.722132
http://dx.doi.org/10.3846/1648715x.2012.722132
http://dx.doi.org/10.1016/j.eswa.2011.07.112
http://dx.doi.org/10.1016/j.rser.2014.07.009
http://dx.doi.org/10.1016/j.dss.2013.08.013
http://dx.doi.org/10.1016/j.dss.2013.08.013
http://dx.doi.org/10.1016/j.apenergy.2017.01.009
http://dx.doi.org/10.1016/j.apenergy.2017.01.009
http://dx.doi.org/10.1016/j.enconman.2008.01.024
http://dx.doi.org/10.1016/j.enconman.2008.01.024
http://dx.doi.org/10.1016/j.energy.2010.02.051
http://dx.doi.org/10.1007/978-1-4471-5143-2_7
http://dx.doi.org/10.1007/978-1-4471-5143-2_7
http://dx.doi.org/10.1016/s0019-9958(65)90241-x
http://dx.doi.org/10.1016/s0019-9958(65)90241-x
http://dx.doi.org/10.1016/s0165-0114(98)00144-4
http://dx.doi.org/10.1016/s0165-0114(98)00144-4
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1007/978-1-4471-5143-2_10
http://dx.doi.org/10.1016/j.rser.2015.04.037
http://dx.doi.org/10.1016/j.rser.2015.04.037
http://dx.doi.org/10.1007/s12667-015-0149-5
http://dx.doi.org/10.1007/s12667-015-0149-5
http://dx.doi.org/10.3846/20294913.2015.1056282
http://dx.doi.org/10.1016/j.eswa.2010.11.081
http://dx.doi.org/10.1080/15567240902839294
http://dx.doi.org/10.1080/15567240902839294


[44] Tasri A, Susilawati A. Selection among renewable energy alternatives based on a
fuzzy analytic hierarchy process in Indonesia. Sustain Energy Technol Assess
2014;7:34–44. http://dx.doi.org/10.1016/j.seta.2014.02.008.

[45] Guo S, Zhao H. Optimal site selection of electric vehicle charging station by using
fuzzy TOPSIS based on sustainability perspective. Appl Energy
2015;158:390–402. http://dx.doi.org/10.1016/j.apenergy.2015.08.082.

[46] Sánchez-Lozano J, García-Cascales M, Lamata M. GIS-based onshore wind farm
site selection using Fuzzy Multi-Criteria Decision Making methods. Evaluating the
case of Southeastern Spain. Appl Energy 2016;171:86–102. http://dx.doi.org/
10.1016/j.apenergy.2016.03.030.

[47] Boran K. An evaluation of power plants in Turkey: fuzzy TOPSIS method. Energy
Sources Part B: Econ Plan Policy 2017;12(2):119–25. http://dx.doi.org/10.1080/
15567249.2015.1050561.

[48] Kong G, Xu D, Yang J, Yin X, Wang T, Jiang B, et al. Belief rule-based inference for
predicting trauma outcome. Knowl-Based Syst 2016;95:35–44. http://dx.doi.org/
10.1016/j.knosys.2015.12.002.

[49] Simão A, Densham PJ, Haklay MM. Web-based GIS for collaborative planning and
public participation: an application to the strategic planning of wind farm sites. J
Environ Manag 2009;90(6):2027–40. http://dx.doi.org/10.1016/j.jenv-
man.2007.08.032.

[50] Borunda M, Jaramillo O, Reyes A, Ibarg?engoytia PH. Bayesian networks in
renewable energy systems: a bibliographical survey. Renew Sustain Energy Rev
2016;62:32–45. http://dx.doi.org/10.1016/j.rser.2016.04.030.

[51] Pérez-Ortiz M, Jiménez-Fernández S, Gutiérrez P, Alexandre E, Hervás-Martínez
C, Salcedo-Sanz S. A review of classification problems and algorithms in renewable
energy applications. Energies 2016;9(8):607. http://dx.doi.org/10.3390/
en9080607.

[52] Horschig T, Thrän D. Are decisions well supported for the energy transition? A
review on modeling approaches for renewable energy policy evaluation, Energy,
Sustainability and Society. 7(1). 〈http://dx.doi.org/10.1186/s13705-017-0107-2〉.

[53] Mardani A, Zavadskas EK, Khalifah Z, Zakuan N, Jusoh A, Nor KM, Khoshnoudi
M. A review of multi-criteria decision-making applications to solve energy
management problems: two decades from 1995 to 2015. Renew Sustain Energy
Rev 2017;71:216–56. http://dx.doi.org/10.1016/j.rser.2016.12.053.

[54] Kumar A, Sah B, Singh AR, Deng Y, He X, Kumar P, et al. A review of multi criteria
decision making (MCDM) towards sustainable renewable energy development.
Renew Sustain Energy Rev 2017;69:596–609. http://dx.doi.org/10.1016/
j.rser.2016.11.191.

[55] Bhowmik C, Bhowmik S, Ray A, Pandey KM. Optimal green energy planning for
sustainable development: a review. Renew Sustain Energy Rev 2017;71:796–813.
http://dx.doi.org/10.1016/j.rser.2016.12.105.

[56] Vassoney E, Mochet AM, Comoglio C. Use of multicriteria analysis (MCA) for
sustainable hydropower planning and management. J Environ Manag
2017;196:48–55. http://dx.doi.org/10.1016/j.jenvman.2017.02.067.

[57] Polatidis H, Haralambopoulos DA, Munda G, Vreeker R. Selecting an appropriate
multi-criteria decision analysis technique for renewable energy planning. Energy
Sources Part B: Econ Plan Policy 2006;1(2):181–93. http://dx.doi.org/10.1080/
009083190881607.

[58] Wang J, Jing Y, Zhang C, Zhao J. Review on multi-criteria decision analysis aid in
sustainable energy decision-making. Renew Sustain Energy Rev
2009;13(9):2263–78. http://dx.doi.org/10.1016/j.rser.2009.06.021.

[59] Scott JA, Ho W, Dey PK. A review of multi-criteria decision-making methods for
bioenergy systems. Energy 2012;42(1):146–56. http://dx.doi.org/10.1016/j.en-
ergy.2012.03.074.

[60] Mardani A, Jusoh A, Zavadskas EK. Fuzzy multiple criteria decision-making
techniques and applications - two decades review from 1994 to 2014. Expert Syst
Appl 2015;42(8):4126–48. http://dx.doi.org/10.1016/j.eswa.2015.01.003.

[61] Vafaeipour M, Zolfani SH, Varzandeh MHM, Derakhti A, Eshkalag MK.
Assessment of regions priority for implementation of solar projects in Iran: new
application of a hybrid multi-criteria decision making approach. Energy Convers
Manag 2014;86:653–63. http://dx.doi.org/10.1016/j.enconman.2014.05.083.

[62] Chen Y, Lu H, Li J, Huang G, He L. Regional planning of new-energy systems
within multi-period and multi-option contexts: a case study of Fengtai, Beijing,
China. Renew Sustain Energy Rev 2016;65:356–72. http://dx.doi.org/10.1016/
j.rser.2016.07.017.

[63] Polatidis H, Haralambopoulos D. Local renewable energy planning: a participatory
multi-criteria approach. Energy Sources 2004;26(13):1253–64. http://dx.doi.org/
10.1080/00908310490441584.

[64] Burton J, Hubacek K. Is small beautiful? A multicriteria assessment of small-scale
energy technology applications in local governments. Energy Policy
2007;35(12):6402–12. http://dx.doi.org/10.1016/j.enpol.2007.08.002.

[65] Løken E, Botterud A, Holen AT. Use of the equivalent attribute technique in multi-
criteria planning of local energy systems. Eur J Oper Res 2009;197(3):1075–83.
http://dx.doi.org/10.1016/j.ejor.2007.12.050.

[66] Neves AR, Leal V. Energy sustainability indicators for local energy planning:
review of current practices and derivation of a new framework. Renew Sustain
Energy Rev 2010;14(9):2723–35. http://dx.doi.org/10.1016/j.rser.2010.07.067.

[67] Zografidou E, Petridis K, Arabatzis G, Dey PK. Optimal design of the renewable
energy map of Greece using weighted goal-programming and data envelopment
analysis. Comput Oper Res 2016;66:313–26. http://dx.doi.org/10.1016/

j.cor.2015.03.012.
[68] Coelho D, Antunes CH, Martins AG. Using SSM for structuring decision support in

urban energy planning. Technol Econ Dev Econ 2010;16(4):641–53. http://
dx.doi.org/10.3846/tede.2010.39.

[69] Manfren M, Caputo P, Costa G. Paradigm shift in urban energy systems through
distributed generation: methods and models. Appl Energy 2011;88(4):1032–48.
http://dx.doi.org/10.1016/j.apenergy.2010.10.018.

[70] Kanters J, Wall M. A planning process map for solar buildings in urban
environments. Renew Sustain Energy Rev 2016;57:173–85. http://dx.doi.org/
10.1016/j.rser.2015.12.073.

[71] Pokharel S, Chandrashekar M. A multiobjective approach to rural energy policy
analysis. Energy 1998;23(4):325–36. http://dx.doi.org/10.1016/s0360-5442(97)
00103-5.

[72] Cherni JA, Dyner I, Henao F, Jaramillo P, Smith R, Font RO. Energy supply for
sustainable rural livelihoods. A multi-criteria decision-support system. Energy
Policy 2007;35(3):1493–504. http://dx.doi.org/10.1016/j.enpol.2006.03.026.

[73] Silva D, Nakata T. Multi-objective assessment of rural electrification in remote
areas with poverty considerations. Energy Policy 2009;37(8):3096–108. http://
dx.doi.org/10.1016/j.enpol.2009.03.060.

[74] Henao F, Cherni JA, Jaramillo P, Dyner I. A multicriteria approach to sustainable
energy supply for the rural poor. Eur J Oper Res 2012;218(3):801–9. http://
dx.doi.org/10.1016/j.ejor.2011.11.033.

[75] Rahman MM, Paatero JV, Lahdelma R. Evaluation of choices for sustainable rural
electrification in developing countries: a multicriteria approach. Energy Policy
2013;59:589–99. http://dx.doi.org/10.1016/j.enpol.2013.04.017.

[76] Rojas-Zerpa JC, Yusta JM. Application of multicriteria decision methods for
electric supply planning in rural and remote areas. Renew Sustain Energy Rev
2015;52:557–71. http://dx.doi.org/10.1016/j.rser.2015.07.139.

[77] Alfaro JF, Miller S, Johnson JX, Riolo RR. Improving rural electricity system
planning: an agent-based model for stakeholder engagement and decision making.
Energy Policy 2017;101:317–31. http://dx.doi.org/10.1016/j.enpol.2016.10.020.

[78] Rahman MM, Paatero JV, Lahdelma R, Wahid MA. Multicriteria-based decision
aiding technique for assessing energy policy elements-demonstration to a case in
Bangladesh. Appl Energy 2016;164:237–44. http://dx.doi.org/10.1016/j.ape-
nergy.2015.11.091.

[79] Shmelev SE, van den Bergh JC. Optimal diversity of renewable energy alternatives
under multiple criteria: an application to the UK. Renew Sustain Energy Rev
2016;60:679–91. http://dx.doi.org/10.1016/j.rser.2016.01.100.

[80] Browne D, O'Regan B, Moles R. Use of multi-criteria decision analysis to explore
alternative domestic energy and electricity policy scenarios in an Irish city-
region⋆. Energy 2010;35(2):518–28. http://dx.doi.org/10.1016/j.en-
ergy.2009.10.020.

[81] Mousavi M, Gitinavard H, Mousavi S. A soft computing based-modified ELECTRE
model for renewable energy policy selection with unknown information. Renew
Sustain Energy Rev 2017;68:774–87. http://dx.doi.org/10.1016/
j.rser.2016.09.125.

[82] Meyar-Naimi H, Vaez-Zadeh S. Sustainable development based energy policy
making frameworks, a critical review. Energy Policy 2012;43:351–61. http://
dx.doi.org/10.1016/j.enpol.2012.01.012.

[83] Doukas H. Modelling of linguistic variables in multicriteria energy policy support.
Eur J Oper Res 2013;227(2):227–38. http://dx.doi.org/10.1016/
j.ejor.2012.11.026.

[84] Ascough J, Maier H, Ravalico J, Strudley M. Future research challenges for
incorporation of uncertainty in environmental and ecological decision-making.
Ecol Model 2008;219(3–4):383–99. http://dx.doi.org/10.1016/j.ecolmo-
del.2008.07.015.

[85] Doukas H, Tsiousi A, Marinakis V, Psarras J. Linguistic multi-criteria decision
making for energy and environmental corporate policy. Inf Sci 2014;258:328–38.
http://dx.doi.org/10.1016/j.ins.2013.08.027.

[86] Pierie F, Bekkering J, Benders R, van Gemert W, Moll H. A new approach for
measuring the environmental sustainability of renewable energy production
systems: focused on the modelling of green gas production pathways. Appl Energy
2016;162:131–8. http://dx.doi.org/10.1016/j.apenergy.2015.10.037.

[87] Turconi R, Boldrin A, Astrup T. Life cycle assessment (LCA) of electricity
generation technologies: overview, comparability and limitations. Renew Sustain
Energy Rev 2013;28:555–65. http://dx.doi.org/10.1016/j.rser.2013.08.013.

[88] Akay D, Boran FE, Yilmaz M, Atak M. The evaluation of power plants investment
alternatives with grey relational analysis approach for Turkey. Energy Sources Part
B: Econ Plan Policy 2013;8(1):35–43. http://dx.doi.org/10.1080/
15567249.2010.493917.

[89] Aragonés-Beltrán P, Chaparro-González F, Pastor-Ferrando J-P, Pla-Rubio A. An
AHP (Analytic Hierarchy Process)/ANP (Analytic Network Process)-based multi-
criteria decision approach for the selection of solar-thermal power plant invest-
ment projects. Energy 2014;66:222–38. http://dx.doi.org/10.1016/j.en-
ergy.2013.12.016.

[90] Cannemi M, García-Melón M, Aragonés-Beltrán P, Gómez-Navarro T. Modeling
decision making as a support tool for policy making on renewable energy
development. Energy Policy 2014;67:127–37. http://dx.doi.org/10.1016/j.en-
pol.2013.12.011.

[91] Kim K, Park H, Kim H. Real options analysis for renewable energy investment

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1573

http://dx.doi.org/10.1016/j.seta.2014.02.008
http://dx.doi.org/10.1016/j.apenergy.2015.08.082
http://dx.doi.org/10.1016/j.apenergy.2016.03.030
http://dx.doi.org/10.1016/j.apenergy.2016.03.030
http://dx.doi.org/10.1080/15567249.2015.1050561
http://dx.doi.org/10.1080/15567249.2015.1050561
http://dx.doi.org/10.1016/j.knosys.2015.12.002
http://dx.doi.org/10.1016/j.knosys.2015.12.002
http://dx.doi.org/10.1016/j.jenvman.2007.08.032
http://dx.doi.org/10.1016/j.jenvman.2007.08.032
http://dx.doi.org/10.1016/j.rser.2016.04.030
http://dx.doi.org/10.3390/en9080607
http://dx.doi.org/10.3390/en9080607
http://dx.doi.org/10.1186/s13705-017-0107-2
http://dx.doi.org/10.1016/j.rser.2016.12.053
http://dx.doi.org/10.1016/j.rser.2016.11.191
http://dx.doi.org/10.1016/j.rser.2016.11.191
http://dx.doi.org/10.1016/j.rser.2016.12.105
http://dx.doi.org/10.1016/j.jenvman.2017.02.067
http://dx.doi.org/10.1080/009083190881607
http://dx.doi.org/10.1080/009083190881607
http://dx.doi.org/10.1016/j.rser.2009.06.021
http://dx.doi.org/10.1016/j.energy.2012.03.074
http://dx.doi.org/10.1016/j.energy.2012.03.074
http://dx.doi.org/10.1016/j.eswa.2015.01.003
http://dx.doi.org/10.1016/j.enconman.2014.05.083
http://dx.doi.org/10.1016/j.rser.2016.07.017
http://dx.doi.org/10.1016/j.rser.2016.07.017
http://dx.doi.org/10.1080/00908310490441584
http://dx.doi.org/10.1080/00908310490441584
http://dx.doi.org/10.1016/j.enpol.2007.08.002
http://dx.doi.org/10.1016/j.ejor.2007.12.050
http://dx.doi.org/10.1016/j.rser.2010.07.067
http://dx.doi.org/10.1016/j.cor.2015.03.012
http://dx.doi.org/10.1016/j.cor.2015.03.012
http://dx.doi.org/10.3846/tede.2010.39
http://dx.doi.org/10.3846/tede.2010.39
http://dx.doi.org/10.1016/j.apenergy.2010.10.018
http://dx.doi.org/10.1016/j.rser.2015.12.073
http://dx.doi.org/10.1016/j.rser.2015.12.073
http://dx.doi.org/10.1016/s0360-5442(97)00103-5
http://dx.doi.org/10.1016/s0360-5442(97)00103-5
http://dx.doi.org/10.1016/j.enpol.2006.03.026
http://dx.doi.org/10.1016/j.enpol.2009.03.060
http://dx.doi.org/10.1016/j.enpol.2009.03.060
http://dx.doi.org/10.1016/j.ejor.2011.11.033
http://dx.doi.org/10.1016/j.ejor.2011.11.033
http://dx.doi.org/10.1016/j.enpol.2013.04.017
http://dx.doi.org/10.1016/j.rser.2015.07.139
http://dx.doi.org/10.1016/j.enpol.2016.10.020
http://dx.doi.org/10.1016/j.apenergy.2015.11.091
http://dx.doi.org/10.1016/j.apenergy.2015.11.091
http://dx.doi.org/10.1016/j.rser.2016.01.100
http://dx.doi.org/10.1016/j.energy.2009.10.020
http://dx.doi.org/10.1016/j.energy.2009.10.020
http://dx.doi.org/10.1016/j.rser.2016.09.125
http://dx.doi.org/10.1016/j.rser.2016.09.125
http://dx.doi.org/10.1016/j.enpol.2012.01.012
http://dx.doi.org/10.1016/j.enpol.2012.01.012
http://dx.doi.org/10.1016/j.ejor.2012.11.026
http://dx.doi.org/10.1016/j.ejor.2012.11.026
http://dx.doi.org/10.1016/j.ecolmodel.2008.07.015
http://dx.doi.org/10.1016/j.ecolmodel.2008.07.015
http://dx.doi.org/10.1016/j.ins.2013.08.027
http://dx.doi.org/10.1016/j.apenergy.2015.10.037
http://dx.doi.org/10.1016/j.rser.2013.08.013
http://dx.doi.org/10.1080/15567249.2010.493917
http://dx.doi.org/10.1080/15567249.2010.493917
http://dx.doi.org/10.1016/j.energy.2013.12.016
http://dx.doi.org/10.1016/j.energy.2013.12.016
http://dx.doi.org/10.1016/j.enpol.2013.12.011
http://dx.doi.org/10.1016/j.enpol.2013.12.011


decisions in developing countries, Renewable and Sustainable Energy Reviews.
〈http://dx.doi.org/10.1016/j.rser.2016.11.073〉.

[92] Frangopoulos CA, Keramioti DE. Multi-criteria evaluation of energy systems with
sustainability considerations. Entropy 2010;12(5):1006–20. http://dx.doi.org/
10.3390/e12051006.

[93] Doukas H, Karakosta C, Psarras J. Computing with words to assess the sustain-
ability of renewable energy options. Expert Syst Appl 2010;37(7):5491–7. http://
dx.doi.org/10.1016/j.eswa.2010.02.061.

[94] Troldborg M, Heslop S, Hough RL. Assessing the sustainability of renewable
energy technologies using multi-criteria analysis: suitability of approach for
national-scale assessments and associated uncertainties. Renew Sustain Energy
Rev 2014;39:1173–84. http://dx.doi.org/10.1016/j.rser.2014.07.160.

[95] Ioannou A, Angus A, Brennan F. Risk-based methods for sustainable energy
system planning: a review. Renew Sustain Energy Rev 2017;74:602–15. http://
dx.doi.org/10.1016/j.rser.2017.02.082.

[96] Buchholz T, Rametsteiner E, Volk TA, Luzadis VA. Multi criteria analysis for
bioenergy systems assessments. Energy Policy 2009;37(2):484–95. http://
dx.doi.org/10.1016/j.enpol.2008.09.054.

[97] Stein EW. A comprehensive multi-criteria model to rank electric energy produc-
tion technologies. Renew Sustain Energy Rev 2013;22:640–54. http://dx.doi.org/
10.1016/j.rser.2013.02.001.

[98] çelikbilek Y, Tüysüz F. An integrated grey based multi-criteria decision making
approach for the evaluation of renewable energy sources. Energy
2016;115:1246–58. http://dx.doi.org/10.1016/j.energy.2016.09.091.

[99] Mavrotas G, Diakoulaki D. A Mixed Integer Multiple Objective Linear
Programming Model for Capacity Expansion in an Autonomous Power Generation
System, in: Energy and Environment, Springer Nature; 2005. p. 191–210. 〈http://
dx.doi.org/10.1007/0-387-25352-1_8〉.

[100] Heinrich G, Basson L, Cohen B, Howells M, Petrie J. Ranking and selection of
power expansion alternatives for multiple objectives under uncertainty. Energy
2007;32(12):2350–69. http://dx.doi.org/10.1016/j.energy.2007.06.001.

[101] Oree V, Hassen SZS, Fleming PJ. Generation expansion planning optimisation
with renewable energy integration: a review. Renew Sustain Energy Rev
2017;69:790–803. http://dx.doi.org/10.1016/j.rser.2016.11.120.

[102] özkale C, Celik C, Turkmen AC, Cakmaz ES. Decision analysis application
intended for selection of a power plant running on renewable energy sources.
Renew Sustain Energy Rev 2017;70:1011–21. http://dx.doi.org/10.1016/
j.rser.2016.12.006.

[103] Diakoulaki D, Karangelis F. Multi-criteria decision analysis and cost–benefit
analysis of alternative scenarios for the power generation sector in Greece. Renew
Sustain Energy Rev 2007;11(4):716–27. http://dx.doi.org/10.1016/
j.rser.2005.06.007.

[104] Cinar D, Kayakutlu G. Scenario analysis using Bayesian networks: a case study in
energy sector. Knowl-Based Syst 2010;23(3):267–76. http://dx.doi.org/10.1016/
j.knosys.2010.01.009.

[105] Khishtandar S, Zandieh M, Dorri B. A multi criteria decision making framework
for sustainability assessment of bioenergy production technologies with hesitant
fuzzy linguistic term sets: The case of Iran. Renewable and Sustainable Energy
Reviews. 〈http://dx.doi.org/10.1016/j.rser.2016.11.212〉.

[106] Cristóbal JS. Multi-criteria decision-making in the selection of a renewable energy
project in spain: the Vikor method. Renew Energy 2011;36(2):498–502. http://
dx.doi.org/10.1016/j.renene.2010.07.031.

[107] Cradden L, Kalogeri C, Barrios IM, Galanis G, Ingram D, Kallos G. Multi-criteria
site selection for offshore renewable energy platforms. Renew Energy
2016;87:791–806. http://dx.doi.org/10.1016/j.renene.2015.10.035.

[108] Shaheen M, Khan MZ. A method of data mining for selection of site for wind
turbines. Renew Sustain Energy Rev 2016;55:1225–33. http://dx.doi.org/
10.1016/j.rser.2015.04.015.

[109] Abaei MM, Arzaghi E, Abbassi R, Garaniya V, Penesis I. Developing a novel risk-
based methodology for multi-criteria decision making in marine renewable energy
applications. Renew Energy 2017;102:341–8. http://dx.doi.org/10.1016/j.re-
nene.2016.10.054.

[110] Cebi S, Ilbahar E, Atasoy A. A fuzzy information axiom based method to determine
the optimal location for a biomass power plant: a case study in Aegean Region of
Turkey. Energy 2016;116:894–907. http://dx.doi.org/10.1016/j.en-
ergy.2016.10.024.

[111] Wu Y, Zhang J, Yuan J, Geng S, Zhang H. Study of decision framework of offshore
wind power station site selection based on ELECTRE-III under intuitionistic fuzzy
environment: a case of China. Energy Convers Manag 2016;113:66–81. http://
dx.doi.org/10.1016/j.enconman.2016.01.020.

[112] Gamboa G, Munda G. The problem of windfarm location: a social multi-criteria
evaluation framework. Energy Policy 2007;35(3):1564–83. http://dx.doi.org/
10.1016/j.enpol.2006.04.021.

[113] Diakaki C, Grigoroudis E, Kolokotsa D. Towards a multi-objective optimization
approach for improving energy efficiency in buildings. Energy Build
2008;40(9):1747–54. http://dx.doi.org/10.1016/j.enbuild.2008.03.002.

[114] Cristóbal JRS. A multi-attribute model for wind farm location combining cloud
and utility theories. In: Assessment and simulation tools for sustainable energy
systems. Springer Nature; 2013. p. 93–105. 〈http://dx.doi.org/10.1007/978-1-
4471-5143-2_5〉.

[115] Sánchez-Lozano JM, Antunes CH, García-Cascales MS, Dias LC. GIS-based
photovoltaic solar farms site selection using ELECTRE-TRI: evaluating the case
for Torre Pacheco, Murcia, Southeast of Spain. Renew Energy 2014;66:478–94.
http://dx.doi.org/10.1016/j.renene.2013.12.038.

[116] Kim T, Park J-I, Maeng J. Offshore wind farm site selection study around Jeju
Island, South Korea. Renew Energy 2016;94:619–28. http://dx.doi.org/10.1016/
j.renene.2016.03.083.

[117] Wu Y, Chen K, Zeng B, Yang M, Li L, Zhang H. A cloud decision framework in
pure 2-tuple linguistic setting and its application for low-speed wind farm site
selection. J Clean Prod 2017;142:2154–65. http://dx.doi.org/10.1016/j.jcle-
pro.2016.11.067.

[118] Connell AO, Soroudi A, Keane A. Distribution network operation under un-
certainty using information gap decision theory. IEEE Trans Smart Grid
2016:1–11. http://dx.doi.org/10.1109/tsg.2016.2601120.

[119] Tarôco CG, Takahashi RH, Carrano EG. Multiobjective planning of power
distribution networks with facility location for distributed generation. Electr
Power Syst Res 2016;141:562–71. http://dx.doi.org/10.1016/j.epsr.2016.08.020.

[120] Kools L, Phillipson F. Data granularity and the optimal planning of distributed
generation. Energy 2016;112:342–52. http://dx.doi.org/10.1016/j.en-
ergy.2016.06.089.

[121] Chen J, Zhu Q, Game-Theoretic A. Framework for resilient and distributed
generation control of renewable energies in microgrids. IEEE Trans Smart Grid
2017;8(1):285–95. http://dx.doi.org/10.1109/tsg.2016.2598771.

[122] Singh B, Sharma J. A review on distributed generation planning. Renew Sustain
Energy Rev 2017;76:529–44. http://dx.doi.org/10.1016/j.rser.2017.03.034.

[123] Vyas S, Kumar R, Kavasseri R. Data analytics and computational methods for anti-
islanding of renewable energy based distributed generators in power grids. Renew
Sustain Energy Rev 2017;69:493–502. http://dx.doi.org/10.1016/
j.rser.2016.11.116.

[124] Neves LP, Martins AG, Antunes CH, Dias LC. A multi-criteria decision approach
to sorting actions for promoting energy efficiency. Energy Policy
2008;36(7):2351–63. http://dx.doi.org/10.1016/j.enpol.2007.11.032.

[125] Monedero I, Biscarri F, León C, Guerrero JI, González R, Pérez-Lombard L.
Decision system based on neural networks to optimize the energy efficiency of a
petrochemical plant. Expert Syst Appl 2012;39(10):9860–7. http://dx.doi.org/
10.1016/j.eswa.2012.02.165.

[126] Haydt G, Leal V, Dias L. A multi-objective approach for developing national
energy efficiency plans. Energy Policy 2014;67:16–27. http://dx.doi.org/10.1016/
j.enpol.2013.06.133.

[127] Carli R, Dotoli M, Pellegrino R, Ranieri L. A decision making technique to
optimize a buildings' stock energy efficiency. IEEE Trans Syst Man Cybern: Syst
PP 2016;99:1–14. http://dx.doi.org/10.1109/TSMC.2016.2521836.

[128] Taylan O, Kaya D, Demirbas A. An integrated multi attribute decision model for
energy efficiency processes in petrochemical industry applying fuzzy set theory.
Energy Convers Manag 2016;117:501–12. http://dx.doi.org/10.1016/j.encon-
man.2016.03.048.

[129] Sagbansua L, Balo F. Decision making model development in increasing wind
farm energy efficiency. Renew Energy 2017;109:354–62. http://dx.doi.org/
10.1016/j.renene.2017.03.045.

[130] ÃInler A. Improvement of energy demand forecasts using swarm intelligence: the
case of Turkey with projections to 2025. Energy Policy 2008;36(6):1937–44.
http://dx.doi.org/10.1016/j.enpol.2008.02.018.

[131] Moutis P, Skarvelis-Kazakos S, Brucoli M. Decision tree aided planning and
energy balancing of planned community microgrids. Appl Energy
2016;161:197–205. http://dx.doi.org/10.1016/j.apenergy.2015.10.002.

[132] Oh E, Son S-Y. Electric energy storage design decision method for demand
responsive buildings. Energy Build 2016;126:139–45. http://dx.doi.org/10.1016/
j.enbuild.2016.05.048.

[133] Wei L, Hou J, QinT, Yuan Z, YanY. Evaluation of grid energy storage system based
on AHP-PROMETHEE- GAIA. In: Proceedings of the 2016 35th Chinese control
conference (CCC), IEEE; 2016. p. 9787–92. 〈http://dx.doi.org/10.1109/chicc.
2016.7554908〉.

[134] Meisel S, Powell WB. Dynamic decision making in energy systems with storage
and renewable energy sources. In: Trends in mathematics. Springer Nature; 2017.
p. 87–101. 〈http://dx.doi.org/10.1007/978-3-319-51795-7_6〉.

[135] Aktas A, Erhan K, Ozdemir S, Ozdemir E. Experimental investigation of a new
smart energy management algorithm for a hybrid energy storage system in smart
grid applications. Electr Power Syst Res 2017;144:185–96. http://dx.doi.org/
10.1016/j.epsr.2016.11.022.

[136] Palensky P, Dietrich D. Demand side management: demand response, intelligent
energy systems, and smart loads. IEEE Trans Ind Inform 2011;7(3):381–8.
http://dx.doi.org/10.1109/tii.2011.2158841.

[137] Logenthiran T, Srinivasan D, Shun TZ. Demand side management in smart grid
using heuristic optimization. IEEE Trans Smart Grid 2012;3(3):1244–52. http://
dx.doi.org/10.1109/tsg.2012.2195686.

[138] Chang C-L, Peng JC-H. A decision-making auction algorithm for demand
response in microgrids. IEEE Trans Smart Grid 2016. http://dx.doi.org/10.1109/
tsg.2016.2634583, [1-1].

[139] Esther BP, Kumar KS. A survey on residential demand side management
architecture, approaches, optimization models and methods. Renew Sustain

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1574

http://dx.doi.org/10.1016/j.rser.2016.11.073
http://dx.doi.org/10.3390/e12051006
http://dx.doi.org/10.3390/e12051006
http://dx.doi.org/10.1016/j.eswa.2010.02.061
http://dx.doi.org/10.1016/j.eswa.2010.02.061
http://dx.doi.org/10.1016/j.rser.2014.07.160
http://dx.doi.org/10.1016/j.rser.2017.02.082
http://dx.doi.org/10.1016/j.rser.2017.02.082
http://dx.doi.org/10.1016/j.enpol.2008.09.054
http://dx.doi.org/10.1016/j.enpol.2008.09.054
http://dx.doi.org/10.1016/j.rser.2013.02.001
http://dx.doi.org/10.1016/j.rser.2013.02.001
http://dx.doi.org/10.1016/j.energy.2016.09.091
http://dx.doi.org/10.1007/0-387-25352-1_8
http://dx.doi.org/10.1007/0-387-25352-1_8
http://dx.doi.org/10.1016/j.energy.2007.06.001
http://dx.doi.org/10.1016/j.rser.2016.11.120
http://dx.doi.org/10.1016/j.rser.2016.12.006
http://dx.doi.org/10.1016/j.rser.2016.12.006
http://dx.doi.org/10.1016/j.rser.2005.06.007
http://dx.doi.org/10.1016/j.rser.2005.06.007
http://dx.doi.org/10.1016/j.knosys.2010.01.009
http://dx.doi.org/10.1016/j.knosys.2010.01.009
http://dx.doi.org/10.1016/j.rser.2016.11.212
http://dx.doi.org/10.1016/j.renene.2010.07.031
http://dx.doi.org/10.1016/j.renene.2010.07.031
http://dx.doi.org/10.1016/j.renene.2015.10.035
http://dx.doi.org/10.1016/j.rser.2015.04.015
http://dx.doi.org/10.1016/j.rser.2015.04.015
http://dx.doi.org/10.1016/j.renene.2016.10.054
http://dx.doi.org/10.1016/j.renene.2016.10.054
http://dx.doi.org/10.1016/j.energy.2016.10.024
http://dx.doi.org/10.1016/j.energy.2016.10.024
http://dx.doi.org/10.1016/j.enconman.2016.01.020
http://dx.doi.org/10.1016/j.enconman.2016.01.020
http://dx.doi.org/10.1016/j.enpol.2006.04.021
http://dx.doi.org/10.1016/j.enpol.2006.04.021
http://dx.doi.org/10.1016/j.enbuild.2008.03.002
http://dx.doi.org/10.1007/978-1-4471-5143-2_5
http://dx.doi.org/10.1007/978-1-4471-5143-2_5
http://dx.doi.org/10.1016/j.renene.2013.12.038
http://dx.doi.org/10.1016/j.renene.2016.03.083
http://dx.doi.org/10.1016/j.renene.2016.03.083
http://dx.doi.org/10.1016/j.jclepro.2016.11.067
http://dx.doi.org/10.1016/j.jclepro.2016.11.067
http://dx.doi.org/10.1109/tsg.2016.2601120
http://dx.doi.org/10.1016/j.epsr.2016.08.020
http://dx.doi.org/10.1016/j.energy.2016.06.089
http://dx.doi.org/10.1016/j.energy.2016.06.089
http://dx.doi.org/10.1109/tsg.2016.2598771
http://dx.doi.org/10.1016/j.rser.2017.03.034
http://dx.doi.org/10.1016/j.rser.2016.11.116
http://dx.doi.org/10.1016/j.rser.2016.11.116
http://dx.doi.org/10.1016/j.enpol.2007.11.032
http://dx.doi.org/10.1016/j.eswa.2012.02.165
http://dx.doi.org/10.1016/j.eswa.2012.02.165
http://dx.doi.org/10.1016/j.enpol.2013.06.133
http://dx.doi.org/10.1016/j.enpol.2013.06.133
http://dx.doi.org/10.1109/TSMC.2016.2521836
http://dx.doi.org/10.1016/j.enconman.2016.03.048
http://dx.doi.org/10.1016/j.enconman.2016.03.048
http://dx.doi.org/10.1016/j.renene.2017.03.045
http://dx.doi.org/10.1016/j.renene.2017.03.045
http://dx.doi.org/10.1016/j.enpol.2008.02.018
http://dx.doi.org/10.1016/j.apenergy.2015.10.002
http://dx.doi.org/10.1016/j.enbuild.2016.05.048
http://dx.doi.org/10.1016/j.enbuild.2016.05.048
http://dx.doi.org/10.1109/chicc.2016.7554908
http://dx.doi.org/10.1109/chicc.2016.7554908
http://dx.doi.org/10.1007/978-3-319-51795-7_6
http://dx.doi.org/10.1016/j.epsr.2016.11.022
http://dx.doi.org/10.1016/j.epsr.2016.11.022
http://dx.doi.org/10.1109/tii.2011.2158841
http://dx.doi.org/10.1109/tsg.2012.2195686
http://dx.doi.org/10.1109/tsg.2012.2195686
http://dx.doi.org/10.1109/tsg.2016.2634583
http://dx.doi.org/10.1109/tsg.2016.2634583


Energy Rev 2016;59:342–51. http://dx.doi.org/10.1016/j.rser.2015.12.282.
[140] Serrano-Luján L, Cadenas JM, Faxas-Guzmán J, Urbina A. Case of study:

photovoltaic faults recognition method based on data mining techniques. J Renew
Sustain Energy 2016;8(4):043506. http://dx.doi.org/10.1063/1.4960410.

[141] Molina-Solana M, Ros M, Ruiz MD, Gómez-Romero J, Martin-Bautista M. Data
science for building energy management: a review. Renew Sustain Energy Rev
2017;70:598–609. http://dx.doi.org/10.1016/j.rser.2016.11.132.

[142] Doukas H, Nychtis C, Psarras J. Assessing energy-saving measures in buildings
through an intelligent decision support model. Build Environ 2009;44(2):290–8.
http://dx.doi.org/10.1016/j.buildenv.2008.03.006.

[143] Yang S-Y. A novel cloud information agent system with Web service techniques:
example of an energy-saving multi-agent system. Expert Syst Appl
2013;40(5):1758–85. http://dx.doi.org/10.1016/j.eswa.2012.09.025.

[144] Yang S-Y, Lee D-L, Chen K-Y, Hsu C-L, An intelligent energy-saving information
interface agent with web service techniques. In: Lecture notes in electrical
engineering. Springer Nature; 2013. p. 793–804. 〈http://dx.doi.org/10.1007/
978-94-007-6996-0_83〉.

[145] Mardani A, Zavadskas EK, Streimikiene D, Jusoh A, Nor KM, Khoshnoudi M.
Using fuzzy multiple criteria decision making approaches for evaluating energy
saving technologies and solutions in five star hotels: a new hierarchical frame-
work. Energy 2016;117:131–48. http://dx.doi.org/10.1016/j.en-
ergy.2016.10.076.

[146] Rosas-Flores JA, Rosas-Flores D, Zayas JLF. Potential energy saving in urban and
rural households of Mexico by use of solar water heaters, using geographical
information system. Renew Sustain Energy Rev 2016;53:243–52. http://
dx.doi.org/10.1016/j.rser.2015.07.202.

[147] Hameed Z, Hong Y, Cho Y, Ahn S, Song C. Condition monitoring and fault
detection of wind turbines and related algorithms: a review. Renew Sustain
Energy Rev 2009;13(1):1–39. http://dx.doi.org/10.1016/j.rser.2007.05.008.

[148] Tsai D-M, Li G-N, Li W-C, Chiu W-Y. Defect detection in multi-crystal solar cells
using clustering with uniformity measures. Adv Eng Inform 2015;29(3):419–30.
http://dx.doi.org/10.1016/j.aei.2015.01.014.

[149] Chine W, Mellit A, Lughi V, Malek A, Sulligoi G, Pavan AM. A novel fault diagnosis
technique for photovoltaic systems based on artificial neural networks. Renew
Energy 2016;90:501–12. http://dx.doi.org/10.1016/j.renene.2016.01.036.

[150] Hariharan R, Chakkarapani M, Ilango GS, Nagamani C. A Method to Detect
Photovoltaic Array Faults and Partial Shading in PV Systems. IEEE J Photovolt
2016;6(5):1278–85. http://dx.doi.org/10.1109/jphotov.2016.2581478.

[151] Yi Zhehan, Etemadi A. Fault detection for photovoltaic systems based on multi-
resolution signal decomposition and Fuzzy inference systems. IEEE Trans Smart
Grid 2016. http://dx.doi.org/10.1109/tsg.2016.2587244, [1-1].

[152] Ossai CI. Optimal renewable energy generation - approaches for managing ageing
assets mechanisms. Renew Sustain Energy Rev 2017;72:269–80. http://
dx.doi.org/10.1016/j.rser.2017.01.041.

[153] Gururajapathy S, Mokhlis H, Illias H. Fault location and detection techniques in
power distribution systems with distributed generation: a review. Renew Sustain
Energy Rev 2017;74:949–58. http://dx.doi.org/10.1016/j.rser.2017.03.021.

[154] Vale ZA, Morais H, Khodr H. Intelligent multi-player smart grid management
considering distributed energy resources and demand response. In: IEEE power
and energy society general meeting, IEEE; 2010. p. 1–7. 〈http://dx.doi.org/10.
1109/pes.2010.5590170〉.

[155] Alonso M, Amaris H, Alvarez-Ortega C. Integration of renewable energy sources in
smart grids by means of evolutionary optimization algorithms. Expert Syst Appl
2012;39(5):5513–22. http://dx.doi.org/10.1016/j.eswa.2011.11.069.

[156] Zhou K, Fu C, Yang S. Big data driven smart energy management: from big data to
big insights. Renew Sustain Energy Rev 2016;56:215–25. http://dx.doi.org/
10.1016/j.rser.2015.11.050.

[157] Calvillo C, Sánchez-Miralles A, Villar J. Energy management and planning in
smart cities. Renew Sustain Energy Rev 2016;55:273–87. http://dx.doi.org/
10.1016/j.rser.2015.10.133.

[158] Carli R, Dotoli M, Pellegrino R. A hierarchical decision-making strategy for the
energy management of smart cities. IEEE Trans Autom Sci Eng 2016:1–19.
http://dx.doi.org/10.1109/tase.2016.2593101.

[159] Peña M, Biscarri F, Guerrero JI, Monedero I, León C. Rule-based system to detect
energy efficiency anomalies in smart buildings, a data mining approach. Expert
Syst Appl 2016;56:242–55. http://dx.doi.org/10.1016/j.eswa.2016.03.002.

[160] Diakoulaki D, Antunes CH, MartinsAG. MCDA and energy planning. In:
International series in operations research & management science. Springer
Nature; 2005. p. 859–90. 〈http://dx.doi.org/10.1007/0-387-23081-5_21〉.

[161] Moradi MH, Razini S, Hosseinian SM. State of art of multiagent systems in power
engineering: a review. Renew Sustain Energy Rev 2016;58:814–24. http://
dx.doi.org/10.1016/j.rser.2015.12.339.

[162] Coelho VN, Cohen MW, Coelho IM, Liu N, Guimarães FG. Multi-agent systems
applied for energy systems integration: state-of-the-art applications and trends in
microgrids. Appl Energy 2017;187:820–32. http://dx.doi.org/10.1016/j.ape-
nergy.2016.10.056.

[163] Webster J, Watson RT. Analyzing the past to prepare for the future: writing a
literature review, MIS quarterly; 2002. p. xiii–xxiii.

[164] Wohlin C, Prikladniki R. Editorial: systematic literature reviews in software
engineering. Inf Softw Technol 2013;55(6):919–20. http://dx.doi.org/10.1016/

j.infsof.2013.02.002.
[165] Mirakyan A, Guio RD. Integrated energy planning in cities and territories: a

review of methods and tools. Renew Sustain Energy Rev 2013;22:289–97. http://
dx.doi.org/10.1016/j.rser.2013.01.033.

[166] Gu D-X, Liang C-Y, Bichindaritz I, Zuo C-R, Wang J. A case-based knowledge
system for safety evaluation decision making of thermal power plants. Knowl-
Based Syst 2012;26:185–95. http://dx.doi.org/10.1016/j.knosys.2011.08.002.

[167] öztayşi B, Kahraman C. Evaluation of renewable energy alternatives using hesitant
fuzzy TOPSIS and Interval Type-2 Fuzzy AHP. Adv Environ Eng Green Technol
IGI Glob 2014:191–224. http://dx.doi.org/10.4018/978-1-4666-6631-3.ch008.

[168] Yu D-Y, Ferranti E, Hadeli H. An intelligent building that listens to your needs.
In: Proceedings of the 28th annual ACM symposium on applied computing - SAC
'13, ACM; 2013. p. 58–63. 〈http://dx.doi.org/10.1145/2480362.2480376.

[169] Cassaigne N, Lorimier L. A Challenging Future for i- DMSS. In: Intelligent
decision-making support systems. London: Springer; 2006. p. 401–22. 〈http://dx.
doi.org/10.1007/1-84628-231-4_21〉.

[170] Mosannenzadeh F, Bisello A, Diamantini C, Stellin G, Vettorato D. A case-based
learning methodology to predict barriers to implementation of smart and
sustainable urban energy projects. Cities 2017;60:28–36. http://dx.doi.org/
10.1016/j.cities.2016.07.007.

[171] Power DJ, Burstein F, Sharda R. Reflections on the past and future of decision
support systems: perspective of eleven pioneers. In: Decision support Springer
Nature; 2010. p 25–48. 〈http://dx.doi.org/10.1007/978-1-4419-6181-5_2〉.

[172] Power DJ. A brief history of decision support systems; 2003. Available from: URL
〈http://dssresources.com/history/dsshistory.html〉 [Accessed 1 April 2017].

[173] Sprague RH. A framework for the development of decision support systems. MIS
Q 1980;4(4):1. http://dx.doi.org/10.2307/248957.

[174] El-Najdawi MK, Stylianou AC. Expert support systems: integrating AI technolo-
gies. Commun ACM 1993;36(12). http://dx.doi.org/10.1145/163298.163306,
[55–ff].

[175] Turban E, Watkins PR. Integrating expert systems and decision support systems.
MIS Q 1986;10(2):121. http://dx.doi.org/10.2307/249031.

[176] Zopounidis C, Doumpos M, Matsatsinis N. On the use of knowledge-based
decision support systems in financial management: a survey. Decis Support Syst
1997;20(3):259–77. http://dx.doi.org/10.1016/s0167-9236(97)00002-x.

[177] Singh A, Gupta A, Mehra A. Energy planning problems with interval-valued 2-
tuple linguistic information, Operational Research. 〈http://dx.doi.org/10.1007/
s12351-016-0245-x〉.

[178] El-Gayar OF, Deokar AV, Tao J. DSS-CMM: a capability maturity model for DSS
development processes: new models and applications. Eng Eff Decis Support
Technol IGI Glob 2013:1–22. http://dx.doi.org/10.4018/978-1-4666-4002-
3.ch001.

[179] Arnott D, Pervan G. A critical analysis of decision support systems research
revisited: the rise of design science. J Inf Technol 2014;29(4):269–93. http://
dx.doi.org/10.1057/jit.2014.16.

[180] El-Gayar O, Deokar A, Michels L, Fosnight G. The Development of an EDSS:
Lessons Learned and Implications for DSS Research. In: Proceedings of the 44th
Hawaii international conference on system sciences, IEEE; 2011. p. 1–10. 〈http://
dx.doi.org/10.1109/hicss.2011.405〉.

[181] Maté A, Peral J, Ferrández A, Gil D, Trujillo J. A hybrid integrated architecture for
energy consumption prediction. Future Gener Comput Syst 2016;63:131–47.
http://dx.doi.org/10.1016/j.future.2016.03.020.

[182] Chen F, Huang G, Fan Y, Chen J. A copula-based fuzzy chance-constrained
programming model and its application to electric power generation systems
planning. Appl Energy 2017;187:291–309. http://dx.doi.org/10.1016/j.ape-
nergy.2016.11.065.

[183] Chen C, Long H, Zeng X. Planning a sustainable urban electric power system with
considering effects of new energy resources and clean production levels under
uncertainty: a case study of Tianjin, China, Journal of Cleaner Production.
〈http://dx.doi.org/10.1016/j.jclepro.2017.01.098〉.

[184] Ramachandra TV, Kumar JR, Krishna SV, Shruthi BV. Solar energy decision
support system. Int J Sustain Energy 2006;25(1):33–51. http://dx.doi.org/
10.1080/14786450600593220.

[185] Chui F, Elkamel A, Fowler M. An integrated decision support framework for the
assessment and analysis of hydrogen production pathways. Energy Fuels
2006;20(1):346–52. http://dx.doi.org/10.1021/ef050196u.

[186] Kahraman C, Kaya İ, Cebi S. A comparative analysis for multiattribute selection
among renewable energy alternatives using fuzzy axiomatic design and fuzzy
analytic hierarchy process. Energy 2009;34(10):1603–16. http://dx.doi.org/
10.1016/j.energy.2009.07.008.

[187] Jetter A, Schweinfort W. Building scenarios with Fuzzy Cognitive Maps: an
exploratory study of solar energy. Futures 2011;43(1):52–66. http://dx.doi.org/
10.1016/j.futures.2010.05.002.

[188] Quijano RH, Botero SB, Domínguez JB. MODERGIS application: integrated
simulation platform to promote and develop renewable sustainable energy plans,
Colombian case study. Renew Sustain Energy Rev 2012;16(7):5176–87. http://
dx.doi.org/10.1016/j.rser.2012.05.006.

[189] Daim T, Kayakutlu G, Suharto Y, Bayram Y. Clean energy investment scenarios
using the Bayesian network. Int J Sustain Energy 2012;33(2):400–15. http://
dx.doi.org/10.1080/14786451.2012.744311.

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1575

http://dx.doi.org/10.1016/j.rser.2015.12.282
http://dx.doi.org/10.1063/1.4960410
http://dx.doi.org/10.1016/j.rser.2016.11.132
http://dx.doi.org/10.1016/j.buildenv.2008.03.006
http://dx.doi.org/10.1016/j.eswa.2012.09.025
http://dx.doi.org/10.1007/978-94-007-6996-0_83
http://dx.doi.org/10.1007/978-94-007-6996-0_83
http://dx.doi.org/10.1016/j.energy.2016.10.076
http://dx.doi.org/10.1016/j.energy.2016.10.076
http://dx.doi.org/10.1016/j.rser.2015.07.202
http://dx.doi.org/10.1016/j.rser.2015.07.202
http://dx.doi.org/10.1016/j.rser.2007.05.008
http://dx.doi.org/10.1016/j.aei.2015.01.014
http://dx.doi.org/10.1016/j.renene.2016.01.036
http://dx.doi.org/10.1109/jphotov.2016.2581478
http://dx.doi.org/10.1109/tsg.2016.2587244
http://dx.doi.org/10.1016/j.rser.2017.01.041
http://dx.doi.org/10.1016/j.rser.2017.01.041
http://dx.doi.org/10.1016/j.rser.2017.03.021
http://dx.doi.org/10.1109/pes.2010.5590170
http://dx.doi.org/10.1109/pes.2010.5590170
http://dx.doi.org/10.1016/j.eswa.2011.11.069
http://dx.doi.org/10.1016/j.rser.2015.11.050
http://dx.doi.org/10.1016/j.rser.2015.11.050
http://dx.doi.org/10.1016/j.rser.2015.10.133
http://dx.doi.org/10.1016/j.rser.2015.10.133
http://dx.doi.org/10.1109/tase.2016.2593101
http://dx.doi.org/10.1016/j.eswa.2016.03.002
http://dx.doi.org/10.1007/0-387-23081-5_21
http://dx.doi.org/10.1016/j.rser.2015.12.339
http://dx.doi.org/10.1016/j.rser.2015.12.339
http://dx.doi.org/10.1016/j.apenergy.2016.10.056
http://dx.doi.org/10.1016/j.apenergy.2016.10.056
http://dx.doi.org/10.1016/j.infsof.2013.02.002
http://dx.doi.org/10.1016/j.infsof.2013.02.002
http://dx.doi.org/10.1016/j.rser.2013.01.033
http://dx.doi.org/10.1016/j.rser.2013.01.033
http://dx.doi.org/10.1016/j.knosys.2011.08.002
http://dx.doi.org/10.4018/978-1-4666-6631-3.ch008
http://dx.doi.org/10.1145/2480362.2480376
http://dx.doi.org/10.1007/1-84628-231-4_21
http://dx.doi.org/10.1007/1-84628-231-4_21
http://dx.doi.org/10.1016/j.cities.2016.07.007
http://dx.doi.org/10.1016/j.cities.2016.07.007
http://dx.doi.org/10.1007/978-1-4419-6181-5_2
http://dssresources.com/history/dsshistory.html
http://dx.doi.org/10.2307/248957
http://dx.doi.org/10.1145/163298.163306
http://dx.doi.org/10.1145/163298.163306
http://dx.doi.org/10.2307/249031
http://dx.doi.org/10.1016/s0167-9236(97)00002-x
http://dx.doi.org/10.1007/s12351-016-0245-x
http://dx.doi.org/10.1007/s12351-016-0245-x
http://dx.doi.org/10.4018/978-1-4666-4002-3.ch001
http://dx.doi.org/10.4018/978-1-4666-4002-3.ch001
http://dx.doi.org/10.1057/jit.2014.16
http://dx.doi.org/10.1057/jit.2014.16
http://dx.doi.org/10.1109/hicss.2011.405
http://dx.doi.org/10.1109/hicss.2011.405
http://dx.doi.org/10.1016/j.future.2016.03.020
http://dx.doi.org/10.1016/j.apenergy.2016.11.065
http://dx.doi.org/10.1016/j.apenergy.2016.11.065
http://dx.doi.org/10.1016/j.jclepro.2017.01.098
http://dx.doi.org/10.1080/14786450600593220
http://dx.doi.org/10.1080/14786450600593220
http://dx.doi.org/10.1021/ef050196u
http://dx.doi.org/10.1016/j.energy.2009.07.008
http://dx.doi.org/10.1016/j.energy.2009.07.008
http://dx.doi.org/10.1016/j.futures.2010.05.002
http://dx.doi.org/10.1016/j.futures.2010.05.002
http://dx.doi.org/10.1016/j.rser.2012.05.006
http://dx.doi.org/10.1016/j.rser.2012.05.006
http://dx.doi.org/10.1080/14786451.2012.744311
http://dx.doi.org/10.1080/14786451.2012.744311


[190] Klein SJW. Multi-criteria decision analysis of concentrated solar power with
thermal energy storage and dry cooling. Environ Sci Technol
2013;47(24):13925–33. http://dx.doi.org/10.1021/es403553u.

[191] Aydin NY, Kentel E, Duzgun HS. GIS-based site selection methodology for hybrid
renewable energy systems: a case study from western Turkey. Energy Convers
Manag 2013;70:90–106. http://dx.doi.org/10.1016/j.enconman.2013.02.004.

[192] Mayer LAF, de Bruin WB, Morgan MG. Informed public choices for low-carbon
electricity portfolios using a computer decision tool. Environ Sci Technol
2014;48(7):3640–8. http://dx.doi.org/10.1021/es403473x.

[193] Tang Y, Sun H, Yao Q, Wang Y. The selection of key technologies by the silicon
photovoltaic industry based on the Delphi method and AHP (analytic hierarchy
process): case study of China. Energy 2014;75:474–82. http://dx.doi.org/
10.1016/j.energy.2014.08.003.

[194] Bessette DL, Arvai J, Campbell-Arvai V. Decision support framework for devel-
oping regional energy strategies. Environ Sci Technol 2014;48(3):1401–8. http://
dx.doi.org/10.1021/es4036286.

[195] Tahri M, Hakdaoui M, Maanan M. The evaluation of solar farm locations applying
geographic information system and multi-criteria decision-making methods: case
study in southern Morocco. Renew Sustain Energy Rev 2015;51:1354–62. http://
dx.doi.org/10.1016/j.rser.2015.07.054.

[196] Cobuloglu HI, Büyüktahtakın İE. A stochastic multi-criteria decision analysis for
sustainable biomass crop selection. Expert Syst Appl 2015;42(15–16):6065–74.
http://dx.doi.org/10.1016/j.eswa.2015.04.006.

[197] Long S, Geng S. Decision framework of photovoltaic module selection under
interval-valued intuitionistic fuzzy environment. Energy Convers Manag
2015;106:1242–50. http://dx.doi.org/10.1016/j.enconman.2015.10.037.

[198] Montajabiha M. An extended PROMETHE II multi-criteria group decision making
technique based on intuitionistic fuzzy logic for sustainable energy planning.
Group Decis Negot 2015;25(2):221–44. http://dx.doi.org/10.1007/s10726-015-
9440-z.

[199] Nie S, Huang CZ, Huang G, Li Y, Chen J, Fan Y, Cheng G. Planning renewable
energy in electric power system for sustainable development under uncertainty – a
case study of Beijing. Appl Energy 2016;162:772–86. http://dx.doi.org/10.1016/
j.apenergy.2015.10.158.

[200] Sánchez-Lozano J, García-Cascales M, Lamata M. Comparative TOPSIS -
ELECTRE TRI methods for optimal sites for photovoltaic solar farms. Case study
in Spain. J Clean Prod 2016;127:387–98. http://dx.doi.org/10.1016/j.jcle-
pro.2016.04.005.

[201] Afsordegan A, Sánchez M, Agell N, Zahedi S, Cremades LV. Decision making
under uncertainty using a qualitative TOPSIS method for selecting sustainable
energy alternatives. Int J Environ Sci Technol 2016;13(6):1419–32. http://
dx.doi.org/10.1007/s13762-016-0982-7.

[202] çoban V, Onar SÇ. Modelling solar energy usage with fuzzy cognitive maps. Intell
Syst Ref Libr, Springe Nat 2016:159–87. http://dx.doi.org/10.1007/978-3-319-
42993-9_8.

[203] Ghosh S, Chakraborty T, Saha S, Majumder M, Pal M. Development of the location
suitability index for wave energy production by ANN and MCDM techniques.
Renew Sustain Energy Rev 2016;59:1017–28. http://dx.doi.org/10.1016/
j.rser.2015.12.275.

[204] Büyüközkan G, Güleryüz S. Evaluation of renewable energy resources in Turkey
using an integrated MCDM approach with linguistic interval fuzzy preference
relations. Energy 2017;123:149–63.

[205] Baležentis T, Streimikiene D. Multi-criteria ranking of energy generation scenar-
ios with Monte Carlo simulation. Appl Energy 2017;185:862–71. http://
dx.doi.org/10.1016/j.apenergy.2016.10.085.

[206] Büyüközkan G, Karabulut Y. Energy project performance evaluation with sus-
tainability perspective. Energy 2017;119:549–60. http://dx.doi.org/10.1016/
j.energy.2016.12.087.

[207] Jano-Ito MA, Crawford-Brown D. Investment decisions considering economic,
environmental and social factors: an actors’ perspective for the electricity sector of
Mexico. Energy 2017;121:92–106. http://dx.doi.org/10.1016/j.en-
ergy.2017.01.016.

[208] Rodríguez R, Gauthier-Maradei P, Escalante H. Fuzzy spatial decision tool to rank
suitable sites for allocation of bioenergy plants based on crop residue. Biomass-
Bioenergy 2017;100:17–30. http://dx.doi.org/10.1016/j.biombioe.2017.03.007.

[209] Strantzali E, Aravossis K, Livanos GA. Evaluation of future sustainable electricity
generation alternatives: the case of a Greek island. Renew Sustain Energy Rev
2017;76:775–87. http://dx.doi.org/10.1016/j.rser.2017.03.085.

[210] Kim K, Jeong H, Ha S, Bang S, Bae D-H, Kim H. Investment timing decisions in
hydropower adaptation projects using climate scenarios: a case study of South
Korea. J Clean Prod 2017;142:1827–36. http://dx.doi.org/10.1016/j.jcle-
pro.2016.11.101.

[211] Chen HH, Lee AHI, Kang H-Y. The fuzzy conceptual model for selecting energy
sources. Energy Sources Part B: Econ Plan Policy 2017;12(4):297–304. http://
dx.doi.org/10.1080/15567249.2011.652339.

[212] Papapostolou A, Karakosta C, Doukas H. Analysis of policy scenarios for achieving
renewable energy sources targets: a fuzzy TOPSIS approach. Energy Environ
2017;28(1–2):88–109. http://dx.doi.org/10.1177/0958305×16685474.

[213] Gigović L, Pamučar D, Božanić D, Ljubojević S. Application of the GIS- DANP -
MABAC multi-criteria model for selecting the location of wind farms: a case study

of Vojvodina. Serb Renew Energy 2017;103:501–21. http://dx.doi.org/10.1016/
j.renene.2016.11.057.

[214] Greco M, Locatelli G, Lisi S. Open innovation in the power & energy sector:
bringing together government policies, companies’ interests, and academic
essence. Energy Policy 2017;104:316–24. http://dx.doi.org/10.1016/j.en-
pol.2017.01.049.

[215] Gitinavard H, Mousavi SM, Vahdani B. Soft computing based on hierarchical
evaluation approach and criteria interdependencies for energy decision-making
problems: a case study. Energy 2017;118:556–77. http://dx.doi.org/10.1016/
j.energy.2016.10.070.

[216] Quesada FJ, Palomares I, Martínez L. Managing experts behavior in large-scale
consensus reaching processes with uniform aggregation operators. Appl Soft
Comput 2015;35:873–87. http://dx.doi.org/10.1016/j.asoc.2015.02.040.

[217] Wang H, Xu Z, Pedrycz W. An overview on the roles of fuzzy set techniques in big
data processing: trends, challenges and opportunities. Knowl-Based Syst
2017;118:15–30. http://dx.doi.org/10.1016/j.knosys.2016.11.008.

[218] Janjua NK, Hussain FK. Web@IDSS – argumentation-enabled Web-based IDSS
for reasoning over incomplete and conflicting information. Knowl-Based Syst
2012;32:9–27. http://dx.doi.org/10.1016/j.knosys.2011.09.009.

[219] Morente-Molinera J, Pérez I, Ureña M, Herrera-Viedma E. Creating knowledge
databases for storing and sharing people knowledge automatically using group
decision making and fuzzy ontologies. Inf Sci 2016;328:418–34. http://
dx.doi.org/10.1016/j.ins.2015.08.051.

[220] Torra V. Hesitant fuzzy sets. Int J Intell Syst 2010;25(4). http://dx.doi.org/
10.1002/int.20418, [n/a–n/a].

[221] Feng F, Liu X, Leoreanu-Fotea V, Jun YB. Soft sets and soft rough sets. Inf Sci
2011;181(6):1125–37. http://dx.doi.org/10.1016/j.ins.2010.11.004.

[222] Rodriguez RM, Martinez L, Herrera F. Hesitant fuzzy linguistic term sets for
decision making. IEEE Trans Fuzzy Syst 2012;20(1):109–19. http://dx.doi.org/
10.1109/tfuzz.2011.2170076.

[223] Dong Y, Zhang H, Herrera-Viedma E. Integrating experts' weights generated
dynamically into the consensus reaching process and its applications in managing
non-cooperative behaviors. Decis Support Syst 2016;84:1–15, 〈http://dx.doi.org/
10.1016/j.dss.2016.01.002〉.

[224] Meng F, An Q. A new approach for group decision making method with hesitant
fuzzy preference relations, Knowledge-Based Systems. 〈http://dx.doi.org/10.
1016/j.knosys.2017.03.010〉.

[225] Liao H, Xu Z, Zeng X-J, Xu D-L. An enhanced consensus reaching process in
group decision making with intuitionistic fuzzy preference relations. Inf Sci
2016;329:274–86. http://dx.doi.org/10.1016/j.ins.2015.09.024.

[226] Dong Y, Zhang H, Herrera-Viedma E. Consensus reaching model in the complex
and dynamic MAGDM problem. Knowl-Based Syst 2016;106:206–19. http://
dx.doi.org/10.1016/j.knosys.2016.05.046.

[227] Zhang F, Ignatius J, Zhao Y, Lim CP, Ghasemi M, Ng PS. An improved consensus-
based group decision making model with heterogeneous information. Appl Soft
Comput 2015;35:850–63. http://dx.doi.org/10.1016/j.asoc.2015.03.055.

[228] Wikipedia, Agile software development; 2017. Available from: URL 〈https://en.
wikipedia.org/wiki/Agile_software_development〉 [Accessed 1 April 2017].

[229] Highsmith J, Cockburn A. Agile software development: the business of innovation.
Computer 2001;34(9):120–7. http://dx.doi.org/10.1109/2.947100.

[230] Dingsøyr T, Nerur S, Balijepally V, Moe NB. A decade of agile methodologies:
towards explaining agile software development. J Syst Softw
2012;85(6):1213–21. http://dx.doi.org/10.1016/j.jss.2012.02.033.

[231] Liu S, Duffy AHB, Whitfield RI, Boyle IM. Integration of decision support systems
to improve decision support performance. Knowl Inf Syst 2009;22(3):261–86.
http://dx.doi.org/10.1007/s10115-009-0192-4.

[232] Jungthirapanich C, Benjamin CO. A knowledge-based decision support system for
locating a manufacturing facility. Locat Sci 1997;5(3):197. http://dx.doi.org/
10.1016/s0966-8349(98)80030-2.

[233] Morente-Molinera J, Wikstr?m R, Herrera-Viedma E, Carlsson C. A linguistic
mobile Decision Support System based on fuzzy ontology to facilitate knowledge
mobilization. Decis Support Syst 2016;81:66–75. http://dx.doi.org/10.1016/
j.dss.2015.09.001.

[234] Adriaenssens V, Baets BD, Goethals PL, Pauw ND. Fuzzy rule-based models for
decision support in ecosystem management. Sci Total Environ 2004;319(1–
3):1–12. http://dx.doi.org/10.1016/s0048-9697(03)00433-9.

[235] Na K, Lee H, Liew M, Zawawi NWA. An expert knowledge based decommissioning
alternative selection system for fixed oil and gas assets in the South China Sea.
Ocean Eng 2017;130:645–58. http://dx.doi.org/10.1016/j.ocea-
neng.2016.11.053.

[236] Herrera-Viedma E, Alonso S, Chiclana F, Herrera F. A consensus model for group
decision making with incomplete fuzzy preference relations. IEEE Trans Fuzzy
Syst 2007;15(5):863–77. http://dx.doi.org/10.1109/tfuzz.2006.889952.

[237] Cabrerizo F, Pérez I, Herrera-Viedma E. Managing the consensus in group
decision making in an unbalanced fuzzy linguistic context with incomplete
information. Knowl-Based Syst 2010;23(2):169–81. http://dx.doi.org/10.1016/
j.knosys.2009.11.019.

[238] Marques M, Agostinho C, Zacharewicz G, Jardim-Gonçalves R. Decentralized
decision support for intelligent manufacturing in Industry 4.0. J Ambient Intell
Smart Environ 2017;9(3):299–313. http://dx.doi.org/10.3233/ais-170436.

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1576

http://dx.doi.org/10.1021/es403553u
http://dx.doi.org/10.1016/j.enconman.2013.02.004
http://dx.doi.org/10.1021/es403473x
http://dx.doi.org/10.1016/j.energy.2014.08.003
http://dx.doi.org/10.1016/j.energy.2014.08.003
http://dx.doi.org/10.1021/es4036286
http://dx.doi.org/10.1021/es4036286
http://dx.doi.org/10.1016/j.rser.2015.07.054
http://dx.doi.org/10.1016/j.rser.2015.07.054
http://dx.doi.org/10.1016/j.eswa.2015.04.006
http://dx.doi.org/10.1016/j.enconman.2015.10.037
http://dx.doi.org/10.1007/s10726-015-9440-z
http://dx.doi.org/10.1007/s10726-015-9440-z
http://dx.doi.org/10.1016/j.apenergy.2015.10.158
http://dx.doi.org/10.1016/j.apenergy.2015.10.158
http://dx.doi.org/10.1016/j.jclepro.2016.04.005
http://dx.doi.org/10.1016/j.jclepro.2016.04.005
http://dx.doi.org/10.1007/s13762-016-0982-7
http://dx.doi.org/10.1007/s13762-016-0982-7
http://dx.doi.org/10.1007/978-3-319-42993-9_8
http://dx.doi.org/10.1007/978-3-319-42993-9_8
http://dx.doi.org/10.1016/j.rser.2015.12.275
http://dx.doi.org/10.1016/j.rser.2015.12.275
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref179
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref179
http://refhub.elsevier.com/S1364-0321(17)31083-3/sbref179
http://dx.doi.org/10.1016/j.apenergy.2016.10.085
http://dx.doi.org/10.1016/j.apenergy.2016.10.085
http://dx.doi.org/10.1016/j.energy.2016.12.087
http://dx.doi.org/10.1016/j.energy.2016.12.087
http://dx.doi.org/10.1016/j.energy.2017.01.016
http://dx.doi.org/10.1016/j.energy.2017.01.016
http://dx.doi.org/10.1016/j.biombioe.2017.03.007
http://dx.doi.org/10.1016/j.rser.2017.03.085
http://dx.doi.org/10.1016/j.jclepro.2016.11.101
http://dx.doi.org/10.1016/j.jclepro.2016.11.101
http://dx.doi.org/10.1080/15567249.2011.652339
http://dx.doi.org/10.1080/15567249.2011.652339
http://dx.doi.org/10.1177/0958305�16685474
http://dx.doi.org/10.1016/j.renene.2016.11.057
http://dx.doi.org/10.1016/j.renene.2016.11.057
http://dx.doi.org/10.1016/j.enpol.2017.01.049
http://dx.doi.org/10.1016/j.enpol.2017.01.049
http://dx.doi.org/10.1016/j.energy.2016.10.070
http://dx.doi.org/10.1016/j.energy.2016.10.070
http://dx.doi.org/10.1016/j.asoc.2015.02.040
http://dx.doi.org/10.1016/j.knosys.2016.11.008
http://dx.doi.org/10.1016/j.knosys.2011.09.009
http://dx.doi.org/10.1016/j.ins.2015.08.051
http://dx.doi.org/10.1016/j.ins.2015.08.051
http://dx.doi.org/10.1002/int.20418
http://dx.doi.org/10.1002/int.20418
http://dx.doi.org/10.1016/j.ins.2010.11.004
http://dx.doi.org/10.1109/tfuzz.2011.2170076
http://dx.doi.org/10.1109/tfuzz.2011.2170076
http://dx.doi.org/10.1016/j.dss.2016.01.002
http://dx.doi.org/10.1016/j.dss.2016.01.002
http://dx.doi.org/10.1016/j.knosys.2017.03.010
http://dx.doi.org/10.1016/j.knosys.2017.03.010
http://dx.doi.org/10.1016/j.ins.2015.09.024
http://dx.doi.org/10.1016/j.knosys.2016.05.046
http://dx.doi.org/10.1016/j.knosys.2016.05.046
http://dx.doi.org/10.1016/j.asoc.2015.03.055
https://en.wikipedia.org/wiki/Agile_software_development
https://en.wikipedia.org/wiki/Agile_software_development
http://dx.doi.org/10.1109/2.947100
http://dx.doi.org/10.1016/j.jss.2012.02.033
http://dx.doi.org/10.1007/s10115-009-0192-4
http://dx.doi.org/10.1016/s0966-8349(98)80030-2
http://dx.doi.org/10.1016/s0966-8349(98)80030-2
http://dx.doi.org/10.1016/j.dss.2015.09.001
http://dx.doi.org/10.1016/j.dss.2015.09.001
http://dx.doi.org/10.1016/s0048-9697(03)00433-9
http://dx.doi.org/10.1016/j.oceaneng.2016.11.053
http://dx.doi.org/10.1016/j.oceaneng.2016.11.053
http://dx.doi.org/10.1109/tfuzz.2006.889952
http://dx.doi.org/10.1016/j.knosys.2009.11.019
http://dx.doi.org/10.1016/j.knosys.2009.11.019
http://dx.doi.org/10.3233/ais-170436


[239] Cardin O, Ounnar F, Thomas A, Trentesaux D. Future industrial systems: best
practices of the intelligent manufacturing and services systems (IMS2) French
Research Group. IEEE Trans Ind Inform 2017;13(2):704–13. http://dx.doi.org/
10.1109/tii.2016.2605624.

[240] Fu X, Dong M, Liu S, Han G. Trust based decisions in supply chains with an agent.
Decis Support Syst 2016;82:35–46. http://dx.doi.org/10.1016/j.dss.2015.11.004.

[241] Xing K, Qian W, Zaman AU. Development of a cloud-based platform for footprint
assessment in green supply chain management. J Clean Prod 2016;139:191–203.
http://dx.doi.org/10.1016/j.jclepro.2016.08.042.

[242] Lambin P, Zindler J, Vanneste BG, Voorde LVD, Eekers D, Compter I, et al.
Decision support systems for personalized and participative radiation oncology.
Adv Drug Deliv Rev 2017;109:131–53. http://dx.doi.org/10.1016/
j.addr.2016.01.006.

[243] Constantinou AC, Fenton N, Marsh W, Radlinski L. From complex questionnaire
and interviewing data to intelligent Bayesian network models for medical decision
support. Artif Intell Med 2016;67:75–93. http://dx.doi.org/10.1016/
j.artmed.2016.01.002.

H. Sellak et al. Renewable and Sustainable Energy Reviews 80 (2017) 1544–1577

1577

http://dx.doi.org/10.1109/tii.2016.2605624
http://dx.doi.org/10.1109/tii.2016.2605624
http://dx.doi.org/10.1016/j.dss.2015.11.004
http://dx.doi.org/10.1016/j.jclepro.2016.08.042
http://dx.doi.org/10.1016/j.addr.2016.01.006
http://dx.doi.org/10.1016/j.addr.2016.01.006
http://dx.doi.org/10.1016/j.artmed.2016.01.002
http://dx.doi.org/10.1016/j.artmed.2016.01.002

	Towards next-generation energy planning decision-making: An expert-based framework for intelligent decision support
	Introduction
	Materials and methods
	An overview of reviews on EPDM
	Research methodology
	Classification
	EPDM stages
	Uncertainty handling
	Intelligence
	System access
	Method(s) used


	Results and in-depth analysis
	Towards next-generation strategic EPDM solutions: an extended expert-based framework for intelligent decision support
	Conclusions
	References




